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ADENOVIRAL VECTORS FOR TREATMENT OF HEMOPHILIA 

This application is a continuation-in-part of application 
Serial No. 074,920, filed June 10, 1993, 

Field of the Invention 

This invention relates to adenoviral vectors. More 
particularly, this invention relates to adenoviral vectors which 
may be employed in the treatment of hemophilia. 

Background of the Invention 

Hemophilias A and B are X-linked, recessive bleeding 
disorders caused by deficiencies of clotting Factors VIII -and IX, 
respectively. In the United States there are approximately 
17,000 patients with hemophilia A and 2,800 with hemophilia B. 
The clinical presentations for both hemophilias are characterized 
by episodes of spontaneous and prolonged bleeding. Patients 
frequently suffer joint bleeds which lead to a disabling" 
arthropathy. Current treatment is directed at stopping the 
bleeding episodes with intravenous infusions of plasma-derived 
clotting factors or, for hemophilia A, recombinant Factor VIII. 
However, therapy is limited by the availability of clotting 
factors, their short half -lives in vivo, and the high cost of 
treatment, which can approach 100,000 dollars per year. 

. Gene therapy offers the promise of a new method of treating 
hemophilia. Several groups of researchers have conducted 
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research with retroviral vectors containing RNA encoding Factor 
VIII and Factor IX. Virtually every attempt to date to produce 
therapeutic levels of these factors in vivo with such vectors, 
however, has been unsuccessful. The cDNA and the RNA for Factor 
VIII has been particularly difficult to work with. 

Hoeben, et al,, J. Biol. Chem . Vol, 265, pgs 7318-7323 
(1990) and Israel, et al. Blood . Vol. 75, No. 5, pgs . 1074-1080 
(March 1, 1990) describe the infection of mouse fibroblasts in 
vitro with retroviral vectors including DNA (RNA) encoding B- 
domain deleted human Factor VIII. Although such infected cells 
were found to express functional human Factor VIII in vitro, the 
protein was expressed at low levels. 

Recently, Hoeben, et al . , Human Gene Therapy . Vol. 4, pgs 
179-186 (1993) infected fibroblasts with retroviral vectors 
including DNA encoding human Factor VIII. These cells then were 
implanted into immune-deficient mice. Although cells recovered, 
from the implants up to 2 months post-implantation still had the 
capacity to secrete Factor VIII when regrown in tissue culture, 
human Factor VIII was not detected in plasma samples of the 
recipient mice. 

Lynch, et al . , Human Gene Therapy . Vol. 4, pgs. 259-272 
(1993), describes the transfection of PE501 packaging cells with 
the plasmid forms of retroviral vectors including human Factor 
VIII cDNA, The virus was harvested, and used to infect PA317 
amphotropic retrovirus packaging cells. The infected cells, 
however, produced human Factor VIII and virus titer in an amount 
which was about two orders of magnitude lower than those from 
similar retroviral vectors containing other cDNAs . Lynch, et al. 
also observed a 100-fold lower accumulation of vector RNAs 
containing the human Factor VIII sequences in comparison to 
vectors containing other cDNA sequences . 

Lynch, et al. also reported the following difficulties in 
working with Factor VIII. High titer human Factor VIII- 
containing retroviral vector stocks are difficult to generate, 
and retroviral vectors containing Factor VIII cDNA sequences tend 
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to rearrange and/or delete portions of the Factor VIII cDNA 
sequences. In addition, Factor VIII mRNA is inherently unstable. 
Also,, the B-domain deleted Factor-VIII coding region contains a 
1,2 kb RNA accumulation inhibitory signal. 

Thus, the literature discloses that there have been 
significant problems in working with retroviral approaches to 
gene therapy with Factor VIII and that only limited expression 
has been achieved. The applicants are not aware of any published 
reports in which human Factor VIII has been expressed in an 
animal model. 

Researchers also have experienced significant difficulties, 
in attempting to achieve therapeutic levels of Factor IX 
expression with retroviral vectors. 

Palmer, et al , Blood , Vol. 73, No. 2, pgs . 438-445 
(February 1989) discloses the transduction of human skin 
fibroblasts with retroviral vectors including DNA (RNA) encoding 
human Factor IX. Such transformed fibroblasts then were given to 
rats and to nude mice. Although such fibroblasts were found to 
transiently express human Factor IX in the animal blood in 
amounts up to 190 ng/ml, this amount is not generally considered 
to be at a therapeutic level. 

Scharfmann, et al . , Proc. Nat. Acad. Sci. > Vol. 88, pgs. 
4626-4630 (June 1991) discloses the transduction of mouse 
fibroblast implants with a retroviral vector including a B- 
galactosidase gene under the control of the dihydrof elate 
reductase (DHFR) promoter. Such fibroblasts then were grafted 
into mice, and expression of the jS-galactosidase gene for up to 
sixty days was obtained. Scharfmann, et al, also disclose 
fibroblasts transduced with canine Factor IX, but they only 
obtained short-term and non-therapeutic levels of expression. 

Dai, et al., Proc. Nat. Acad. Sci. . Vol. 89, pgs. 10892- 
10895 (November 1992) discloses the transfection of mouse primary 
myoblasts with retroviral vectors including canine Factor IX DNA 
under the control of a mouse muscle creatine kinase enhancer and 
a human cytomegalovirus promoter. The transfected myoblasts . then 
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were injected into the hind legs of mice. Expression of canine 
Factor IX over a period of 6 months was obtained; however, the 
steady-state levels of Factor IX secreted into the plasma (10 
ng/ml for 10^ injected cells) are not sufficient to be of 
therapeutic value. 

Gerrard, et al., Nature Genetics . Vol, 3, pgs, 180-183 
(February 1993), discloses the transfection of primary human 
keratinocytes with a retroviral vector including a human Factor 
IX gene under the control of the retroviral LTR. The transformed 
keratinocytes then were transplanted into nude mice, and human 
Factor IX was detected in the bloodstream for about 1 week. The 
amounts of Factor IX, however, were about 2.5 ng/ml, or about 1% 
of a therapeutic dose. 

Kay, et al.. Science, Vol. 262, pgs , 117-119 (October 1, 
1993) discloses the direct infusion of retroviral vectors 
including Factor IX DNA into the portal vasculature of dogs 
following partial hepatectomy. The animals expressed low levels 
of canine Factor IX for more than 5 months. Although such 
expression of Factor IX resulted in reductions of whole blood 
clotting and partial thromboplastin times of the treated animals, 
the authors stated that increased levels of Factor IX must, first 
be achieved before the technique could be applied to humans. 

Zhou, et al.. Science in China , Vol. 36, No. 9, pgs. 33-41 
(September 1993) discloses the transfection of rabbit skin 
fibroblasts with retroviral vectors including DNA encoding human 
Factor IX. The fibroblasts then were implanted into rabbits as 
autografts or allografts. Expression of the human Factor IX was 
maintained in the rabbits for over 10 months. Factor IX levels 
in the rabbit plasma of up to 480 ng/ml were claimed to have been 
achieved; however, the assay used to measure Factor IX employed 
an anti-rabbit antibody that had the potential of generating 
false positive results. 

Lu, et al.. Science in China , Vol. 36, No. 11, pgs. 1341- 
1351 (November 1993) and Hsueh, et al., Human Gene Therapy , Vol. 
3, pgs. 543-552 (1992) discloses a human gene therapy trial in 



wo 94/29471 



PCT/US94/04075 



"5- 

which .human skin fibroblasts were taken from two hemophiliac 
patients, and transfected with retroviral vectors including DNA 
encoding human Factor IX. The cells then were pooled and 
embedded in a collagen mixture, and the cells then were injected 
into the patients. In one patient, the concentration of human 
Factor IX increased from 71 ng/ml to 220 ng/ml, with a maximum 
level of 245 ng/ml. The clotting activity of this patient 
increased from 2.9% to 6.3% of normal. In the other patient, the 
plasma level of Factor IX increased from 130 ng/ml to 250 ng/ml, 
and was maintained at a level of 220 ng/ml for 5^$ months; 
however, the clotting activity has not increased. Lack of 
pretreatment Factor IX data on these patients makes it difficult 
to interpret the small increases in Factor IX seen in treatment. 

The conclusion to be drawn from scientific literature on the 
attempts to use retroviruses in gene therapy for hemophilia A and 
hemophilia B is that, in spite of a very concerted effort and 
numerous attempts, by and large the field has failed to produce 
retroviral vectors that can be used to achieve therapeutic levels 
of expression of human Factor VIII or human Factor IX in vivo. 
Working with Factor VIII has been especially difficult, and the 
results have been uniformly unsatisfactory. The experimental 
strategies described above are laborious and clinically invasive. 

Adenoviral vectors offer another approach to gene therapy. 
Adenovirus genomes are linear, double-stranded DNA molecules of 
approximately 3 6 kilobase pairs. Each extremity of the viral 
genome has a short sequence known as the inverted terminal repeat 
(or ITR), which is necessary for viral replication. The well- 
characterized molecular genetics of adenovirus render it an 
advantageous vector for gene transfer. Portions of the viral 
genome can be substituted with DNA of foreign origin. In 
addition, recombinant adenoviruses are structurally stable and no 
rearranged viruses are observed after extensive amplification. 

Recombinant adenoviruses have been used as efficient vectors 
for gene transfer into a number of cell types. There are several 
reports of hepatocyte transduction: Jaffe, et al.. Nature 
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Genetics, Vol. 1, pgs . 372-378 ( 1992 ) . ( alpha-l-antitrypsin ) ; Li, 
et al., Human Gene Therapy , Vol, 4, pgs, 403-409 (1993) (beta- 
galactosidase) ; Stratf ord-Perricaudet , et al., Human Gene 
Therapy , Vol. 1, pgs. 241-256 (1990) (ornithine 
transcarbamylase) ; Smith, et al,, Nature Genetics , Vol. 5, pgs. 
397-402 (1993) (Factor IX); and J. Am. Med. Assoc. . Vol. 269, No. 
7, pg. 838 (February 17, 1993) (marker protein). 

Because Factor VIII is synthesized largely in hepatocytes 
(Kelly, et al . Br. J. Haemat . , Vol. 56, pgs. 535-543 (1984); 
Wion, et al., Nature , Vol. 317, pgs. 726-729 (1985); Zelechovska, 
et al. Nature , Vol. 317, pgs. 729-732 (1985)), transduction of 
hepatocytes with a Factor VIII - containing recombinant 
adenovirus, resulting in the expression of Factor VIII protein in 
vivOf may be an effective gene therapy-based treatment for 
hemophilia A. 

The inventors have discovered how to produce high titer, 
stable, adenoviral vectors that produce therapeutic levels of 
clotting factors when administered to an animal host. These 
vectors mediate gene transfer in vivo and will enable treatment 
protocols to be much less laborious and invasive than those 
previously described. 

Brief Description of the Drawings 

The invention will now be described with respect to the 
drawings , wherein : 

Figure 1 is a schematic of the construction of plasmid pGl . 

Figure 2 is the sequence of the multiple cloning site in the 
pGl plasmid; 

Figure 3 is a map of plasmid pGl; 

Figure 4 is a map of plasmid pGlH9; 

Figure 5 is a map of plasmid phfacIX; 

Figure 6 is a map of plasmid pGlH9B; 

Figure 7 is a schematic of the construction of plasmid pHR; 
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Figure 8 is a schematic of the assembly of an ITR, 
encapsidation signal, Rous Sarcoma Virus promoter, adenoviral 
tripartite leader sequence, and a linking sequence using PGR 
amplification; 

Figure 9 is a schematic of the construction of pAvS6; 

Figure 10 is a map of pAvS6; 

Figure 11 is the human Factor IX cDNA sequence; 
Figure 12 is a map of pAvS6H9B; 

Figure 13 is a schematic of the generation of AvlH9B; 

Figure 14 is a graph of plasma levels of Factor IX in mice 
given intraparenchymal or portal vein injections of AvlH9B; 

Figure 15 is an autoradiogram of a Southern analysis to 
determine the presence of Factor IX DNA in mouse liver; 

Figure 16 is a map of plasmid pMT2LA; 

Figure 17 is the sequence of B-domain deleted human Factor 
VIII cDNA; 

Figure 18 is a map of plasmid pAvS6H81; 

Figure 19 is a schematic of the construction of AvlHSl; 

Figure 20 is a map of plasmid pAT2-3eG. 

Figure 21 is a map of plasmid pAvALl; 

Figure 22 is a map of plasmid pGEM(sac); 

Figure 23 is a map of plasm.id pGEM; 

Figure 24 is a map of plasmid pGEMalb; 

Figure 25 is a map of plasmid pGEMalbFSB; 

Figure 26 is a map of plasmid pAvALHSl; 

Figure 27 is a map of plasmid pgemF8B2; 

Figure 28 is a map of plasmid p3GS19-AIgI; 

Figure 29 is a map of plasmid pUC19; 

Figure 30 is a map of plasmid pUC19-AIgI; 

Figure 31 is a map of plasmid pBGS19; 

Figure 32 is a map of plasmid pGemAPF8B; 

Figure 33 is a map of plasmid pAvAPH81; 

Figure 34 is a map of plasmid pGemAPexFS; 

Figure 35 is a map of plasmid pALAPFSB; 

Figure 36 is a map of plasmid pAvALAPHSl; 
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Figure 37 is a schematic of rhe generation of AvlALHSl; 
Figure 38 is a blot of a restriction digestion analysis of 
AvlALHSl DNA; 

Figure 39 is a schematic of adenoviral vectors Ad5-dl327, 

AvlALHSl, and AvlALAPHSl; 

Figure 40 is a standard log-log curve of a human Factor VIII 

- specific ELISA assays- 
Figures 41 and 42 are graphs of the amounts of human Factor 

VIII in mouse plasma over time in two separate experiments; 

Figure 43 is a graph of in vivo expression of human Factor 

VIII in mouse plasma over time after injection of various doses 

of AvlALHSl; 

Figures 44 and 45 are graphs of human Factor VIII half-life 
in experimental mice and control mice; 

Figure 46 is a graph of in vivo expression of human Factor 
VIII in mice given 4 x lO*' pfu of AvlALHSl; 

Figure 47 is a map of plasmid pBLSKH9CI; 

Figure 48 is a map of plasmid pBLSKH9D; 

Figure 49 is a map of Plasmid pBLH9CINT; 

Figure 50 is a map of plasmid pBLH9EINT; 

Figure 51 is a map of plasmid DBLH9E; 

Figure 52 is a map of plasmid pBLH9F: 

Figure 53 is a map of plasmid pAVlH9D; 

Figure 54 is a map of plasmid pAVlH9ER; 

Figure 55 is a map of plasmid pAVlH9FR; 

Figure 56 is a graph of Factor ,IX expression in mice treated 
with AV1H9B, AdlH9D, AdlH9ER and AdlH9FR; 

Figure 57 is a graph of Factor IX expression in mice treated 
with 1 X 10' pfu of AV1H9B, AdlH9D, or AdlH9ER; 

Figure 58 is a graph of Factor IX expression in mice treated 
with 5 X lO"' pfu of AdlH9ER or AdlH9FR; and 

Figure 59 is a graph of iri vitro expression of Factor IX in 
HepG2 and HeLa cells, and of in vivo expression of Factor IX in 
mice treated with 2 x 10* pfu of AvlH9B, AdlH9D, or AdlH9ER. In 
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each .group of 3 bars, the leftmost bar represents data for 
AV1H9B, the middle bar, AdlH9D, and the rightmost bar, AdlK9ER. 

Detailed Description of the Invention 

In accordance with an aspect of the present invention, there 
is provided an adenoviral vector including at least one DNA 
sequence encoding a clotting factor. 

The term "DNA sequence encoding a clotting factor" as used 
herein means DNA which encodes a full-length clotting factor or a 
fragment, derivative, or analogue of a clotting factor, i.e., 
such DNA may be a full-length gene encoding a full-length 
clotting factor, or a truncated gene, or a mutated gene encoding 
a fragment or derivative or analogue of such clotting factor 
which has clotting factor activity. The term "DNA sequence" 
refers generally to a polydeoxyribonucleotide molecule and more 
specifically to a linear series of deoxyribonucleotides connected 
one to the other by phosphodiester bonds between the 3' and 5' 
carbons of the adjacent pentoses. 

In one embodiment, the DNA sequence encodes Factor VIII or a 
fragment, derivative, or analogue thereof having Factor VIII 
clotting activity. In another embodiment, the DNA sequence 
encodes Factor IX or a fragment, derivative, or analogue thereof 
having Factor IX clotting activity. 

The DNA sequence encoding human Factor IX is shown and 
described in U.S. Patent No. 4,994,371 issued February 19, 1991 
to Davie, et al. and European Patent No, EP 0 107 278 Bl 
(publication of grant November 15, 1989) to National Research 
Development Corporation. DNA sequences encoding Factor VIII and 
fragments or derivatives thereof are shown and described in U.S. 
Patent Nos . 4, 757,006 issued July 12, 1988 to Toole, Jr. et al.; 
4,868,112 issued September 19, 1989 to Toole, Jr.; 5,045,455 
issued September 3, 1991 to Kuo, et al; 5,004,804 issued April 2, 
1991 to Kuo, et al . ; 5,112,950 issued May 12, 1992 to Meulien, et 
al.; and 5,149,637 issued September 22, 1992 to Scandella, et al. 
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The inventors have found that, by infecting host cells in 
vivo with adenoviral vectors including at least one DNA sequence 
encoding a clotting factor, one is able to achieve expression, in 
vivo , of the clotting factor, or fragment or derivative or 
analogue of such clotting factor having clotting factor activity, 
at effective therapeutic levels. In general, such effective 
therapeutic levels are about 5% or greater of the normal level of 
the clotting factor f N. Enal . J. Med. , Vol, 328, No, 7, pgs - 453- 
459 (February 18, 1993); Blood . Vol, 74, No, 1, pgs. 207-212 
(July 1989)). Such levels are, in general, for Factor VIII, 
about 10 ng/ml or greater, and for Factor IX are about 250 ng/ml 
or greater. 

The DNA sequence encoding a clotting factor is under the 
control of a suitable promoter. Suitable promoters which may be 
employed include, but are not limited to, adenoviral promoters, 
such as the adenoviral major late promoter; or heterologous 
promoters, such as the cytomegalovirus (CMV) promoter; the 
respiratory syncytial virus promoter; the Rous Sarcoma Virus 
(RSV) promoter; the albumin promoter; inducible promoters, such 
as the Mouse Mammary Tumor Virus (MMTV) promoter; the 
metallothionein promoter ;' heat shock promoters; the a-1- 
antitrypsin promoter; the hepatitis B surface antigen promoter; 
the transferrin promoter; the apolipoprotein A-1 promoter; the 
Factor VIII promoter; and the Factor IX promoter. It is to be 
understood, however, that the scope of the present invention is 
not to be limited to specific promoters. 

In one embodiment, when the DNA sequence encodes Factor VIII 
or a fragment, derivative, or analogue thereof, the promoter 
controlling the DNA sequence is preferably a tissue-specific 
promoter, such as, for example, the mouse albumin promoter, which 
is active in liver cells. Although the scope of this embodiment 
is not intended to be limited to any theoretical reasoning, the 
inventors believe that, by employing a tissue-specific promoter, 
possible Factor VIII toxicity to the producer cells is avoided. 

When one employs a mouse albumin promoter, which is active 
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in liver cells, the adenoviral vectors are preferably grown in 
cells other than liver cells. When the generated adenoviral 
vectors are to be administered to a host, such vectors are 
administered to a host by means known to those skilled in the 
art, whereby the vectors will travel to and infect liver cells. 
The infected liver cells then will express Factor VIII in 
therapeutic amounts. Factor VIII is not toxic to liver cells and 
thus will continue to be expressed at therapeutic levels. 

In yet another embodiment, when the DNA sequence encodes 
Factor IX or a fragment, derivative, or analogue thereof, the 
promoter controlling the DNA sequence is preferably a strong 
promoter that is not tissue-specific, such as, for example, the 
Rous Sarcoma Virus promoter. Because it is believed that Factor 
IX is not toxic to most cells, the adenoviral vectors may be 
grown in any cell type, and may be administered to a patient in 
an effective therapeutic amount, whereby the adenoviral vectors 
will travel to and infect cells such as liver cells, for example, 
whereby the Factor IX will be expressed in therapeutic amounts . 

• Several reports have revealed that, in transgenic mice, 
enhanced expression of cDNA's can be obtained by the 
incorporation of 5' and 3' untranslated regions as well as 
introns (Choo, et al. Nucl. Acids Res . . Vol. 15, pgs . 881-884 
(1987 ); Brinster, et al . PNAS , Vol. 85, pgs 836-840 (1988); 
Jallat, et al. EM30 J . . Vol, 9, No. 10, pgs. 3295-3301 ( 1990); 
and Choi, et al • Mol. Cell. Biol. . Vol. 11, pgs. 3070-3074 
(1991)). The effectiveness, however, of genomic elements in 
improving expression ' of exogenous genes incorporated into an 
adenoviral vector backbone has not been demonstrated previously. 

In one embodiment, the DNA sequence encoding a clotting 
factor also may include introns and other genomic elements to 
enhance expression. The term "genomic element," as used herein, 
means a sequence of nucleotides in a naturally occurring gene 
that is not normally incorporated into the cDNA, and which is not 
part of the adenoviral genome. Such genomic elements which may 
be included in the vector include, but are not limited to. 
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introns, the 5' untranslated region, and the 3' untranslated 
region of the gene encoding the clotting factor, or portions of 
such 5' and 3' untranslated regions and introns. Examples of 
introns which may be employed include, but are not limited to, 
any of the seven introns of the Factor IX gene, or portions 
thereof ( EMBO J . . Vol. 9, No. 10, pgs . 3295-3301 (1990)); or any 
of the twenty-five introns of the Factor VIII gene (Gitschier, 
Nature, 312:326-330 (1984)), or portions thereof; or the first 
exon and intron of the apolipoprotein A-1 gene. 

When the DNA sequence encodes Factor IX or a fragment, 
derivative, or analogue thereof, the vector may, in one 
embodiment, further include the full 3' untranslated region of 
the Factor IX DNA sequence. In another embodiment, the vector 
may further include the full 5' untranslated region and a 
centrally truncated first intron. In yet another embodiment, the 
vector may further include the full 3' untranslated region, the 
full 5' untranslated region, and a centrally truncated first 
intron. Most preferably, the vector contains all of these 
elements. In a further embodiment, the vector may further 
include the full 7th intron of the Factor IX gene. 

When such elements are included in the vector, improved 
levels of expression of Factor IX are obtained. Although the 
scope of the present invention is not intended to be limited to 
any theoretical reasoning, such improved expression may be due to 
(i) the incorporation of enhancers in the genomic sequences; (ii) 
stabilization of the mRNA; (iii) improved processing and 
transport of the mRNA to the cytoplasm; and/or (iv) improved 
polyadenylation . 

In another embodiment, the first exon and first intron of 
the apolipoprotein protein A-1 gene may be employed, if desired, 
with the apolipoprotein A-1 gene promoter. (PNAS, Vol. 80, pgs . 
6147-6151 (October 1983); J. Biol. Chem. , Vol, 266, No. 27, pgs. 
18045-18050 (Sept. 1991)). The above-mentioned introns and/or 
exons also may be used in combination with the 5' untranslated 
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region and/or the 3' untranslated region of the gene encoding the 
clotting factor. 

In one preferred embodiment, the apolipoprotein A-1 promoter 
may be employed, alone or in combination with the first exon 
and/or first intron of the apolipoprotein A-1 gene, in 
combination with the Factor VIII gene.- 

The adenoviral vector which is employed may, in one 
embodiment, be an adenoviral vector which includes essentially 
the complete adenoviral genome (Shenk, et al . , Curr. Tod. 
Microbiol . Immunol . . 111(3): 1-39 (1984). Alternatively, the 
adenoviral vector may be a modified adenoviral vector in which at 
least a portion of the adenoviral genome has been deleted. 

In the preferred embodiment, the adenoviral vector comprises 
an adenoviral 5 ' ITR; an adenoviral 3 ' ITR; an adenoviral 
encapsidation signal; at least one DNA sequence encoding a 
clotting factor; and a promoter controlling the at least one DNA 
sequence encoding a clotting factor. The vector is free of at 
least the majority of adenoviral El and E3 DNA sequences, but is 
not free of all of the E2 and E4 DNA sequences, .and DNA sequences 
encoding adenoviral proteins promoted by the adenoviral major 
late promoter. In one embodiment, the vector is also free of at 
least a portion of at least one DNA sequence selected from the 
group consisting of the E2 and E4 DNA sequences. 

In another embodiment, the vector is free of at least the 
majority of the adenoviral El and E3 DNA sequences, and is free 
of one of the E2 and E4 DNA sequences, and is free of a portion 
of the other of the E2 and E4 DNA sequences. 

In still another embodiment, the gene in the E2a region that 
encodes the 72 kilodalton binding protein is mutated to produce a 
temperature sensitive protein that is active at 32°C, the 
temperature at which the viral particles are produced, but is 
inactive at 37 °C, the temperature of the animal or human host. 
This temperature sensitive mutant is described in Ensinger, et 
al., J. Viroloov . 10:328-339 (1972), Van der Vliet, et al., 
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VirolosY/ 15:348-354 (1975), and Friefeld, et al . , Virolocp^, 
124:380-389 (1983). 

In yet another embodiment, the vector is free of at least 
the majority of the El and E3 DNA sequences, is free of at least 
a portion of at least one DNA sequence selected from the group 
consisting of the E2 and E4 DNA sequences, and is free of DNA 
sequences encoding adenoviral proteins promoted by the adenoviral 
major late promoter. 

Such a vector, in a preferred embodiment, is constructed 
first by constructing, according to standard techniques, a 
shuttle plasmid which contains, beginning at the 5' end, the 
"critical left end elements," which include an adenoviral 5' ITR, 
an adenoviral encapsidation signal, and an Ela enhancer sequence; 
a promoter (which may be an adenoviral promoter or a foreign 
promoter); a multiple cloning site (which may be as hereinabove 
described); a poly A signal; and a DNA segment which corresponds 
to a segment of the adenoviral genome. The vector also may 
contain a tripartite leader sequence. The DNA segment 
corresponding to the adenoviral genome serves as a substrate for 
homologous recombination with a modifieci or mutated adenovirus, 
and such sequence may encompass, for example, a segment of the 
adenovirus 5 genome no longer than from base 3329 to base 6246 of 
the" genome. The plasmid may also include a selectable marker and 
an origin of replication. The origin of replication may be a 
bacterial origin of replication. Representative examples of 
such shuttle plasmids include pAVS6, shown in Figure 10. A 
desired DNA sequence encoding a clotting factor may then be 
inserted into the multiple cloning site to produce a plasmid 
vector. 

This construct is then used to produce an adenoviral vector. 
Homologous recombination is effected with a modified or mutated 
adenovirus in which at least the majority of the El and E3 
adenoviral DNA sequences have been deleted. Such homologous 
recombination may be effected through co-transf ection of the 
plasmid vector and the modified adenovirus into a helper cell 



3NSCOC10: <WO 9d29-»7lA1J_> 



wo 94/29471 



PCT/US94/04075 



"15- 
line, ^such as 293 cells, by CaPO^ precipitation. Upon such 
homologous recombination, a recombinant adenoviral vector is 
formed that includes DNA sequences derived from the shuttle 
plasmid between the Not I site and the homologous recombination 
fragment, and DNA derived from the El and E3 deleted adenovirus 
between the homologous recombination fragment and the 3' ITR. 

In one embodiment, the homologous recombination fragment 
overlaps with nucleotides 3329 to 6246 of the adenovirus 5 (ATCC 
VR-5 ) genome , 

Through such homologous recombination, a vector is formed 
which includes an adenoviral 5' ITR, an adenoviral encapsidation 
signal; an Ela enhancer sequence; a promoter; at least one DNA 
sequence encoding a clotting factor; a poly A signal; adenoviral 
DNA free of at least the majority of the El and E3 adenoviral DNA 
sequences; and an adenoviral 3' ITR. The vector also may include 
a tripartite leader sequence. This vector may then be 
transfected into a helper cell line, such as the 293 helper cell 
line, which will include the Ela and Elb DNA sequences, which are 
necessary for viral replication, and to generate infectious 
adenoviral particles. 

In one embodiment, the adenoviral vector comprises an 
adenoviral 5' ITR; an adenoviral 3' ITR; an adenoviral 
encapsidation signal; at least one DNA sequence encoding a 
clotting factor; and a promoter controlling the at least one DNA 
sequence encoding a clotting factor. The vector is free of the 
adenoviral El, E2, E3, and E4 DNA sequences, and the vector is 
free of DNA sequences encoding adenoviral proteins promoted by 
the adenoviral major late promoter; i.e., the vector is free of 
DNA encoding adenoviral structural proteins. 

Such vectors may be constructed by removing the adenoviral 
5' ITR, the adenoviral 3' ITR, and the adenoviral encapsidation 
signal, from an adenoviral genome by standard techniques. Such 
components, as well as a promoter (which may be an adenoviral 
promoter or a non-adenoviral promoter), tripartite leader 
sequence, poly A signal, and selectable marker, may, by standard 
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technigues, be iigated into a base plasmid or "starter" plasmid 
such as, for example, pBluescript II KS-( Stratagene) , to form an 
appropriate cloning vector. The cloning vector may include a 
multiple cloning site to facilitate the insertion of the at least 
one DNA sequence encoding a clotting factor into the cloning 
vector. In general, the multiple cloning site includes "rare" 
restriction enzyme sites; i.e., sites which are found in 
eukaryotic genes at a frequency of from about one in every 10,000 
to about one in every 100,000 base pairs. An appropriate vector 
in accordance with the present invention is thus formed by 
cutting the cloning vector by standard techniques at appropriate 
restriction sites in the multiple cloning site, and then ligating 
the DNA sequence encoding a clotting factor into the cloning 
vector . 

The vector is then packaged into infectious, nonreplicating, 
recombinant adenoviral particles, using a helper adenovirus which 
provides the necessary encapsidation materials. Preferably the 
helper virus has a defective encapsidation signal in order that 
the helper virus will not encapsidate itself. An example of an 
encapsidation defective helper virus which may be employed is 
described in Grable, et al., J . Virol . . Vol. 66, pgs . 723-731 
( 1992 ) , 

The vector and the encapsidation defective helper virus are 
transfected into an appropriate cell line for the generation of 
infectious viral particles, Transfection may take place by 
electroporation, calcium phosphate precipitation, microinjection, 
or through proteoliposomes . Examples of appropriate cell lines 
include, but are not limited to, HeLa cells or 293 (embryonic 
kidney epithelial) cells (ATCC No. CRL 1573). The infectious 
viral particles (i.e., the adenoviral vector) may then be 
transduced into eukaryotic cells, such as hepatocytes, whereby 
the at least one DNA sequence encoding a clotting factor is 
expressed by the eukaryotic cells in a host. 

The vector, consisting of infectious, but replication- 
defective, viral particles, which contain at least one DNA 
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sequence encoding a clotting factor, is administered in an amount 
effective to treat hemophilia in a host. In one embodiment, the 
vector particles may be administered in an amount of from 1 
plaque forming unit to about 10^** plaque forming units, preferably 
from about 1x10** plaque forming units to about 1x10^^ plaque 
forming units. The host may be a human or non-human animal host. 
The preferred non-human animal host is a mammal, most preferably 
a dog or a non-human primate. 

Preferably, the infectious vector particles are administered 
systemically , such as, for example, by intravenous administration 
(such as, for example, via peripheral vein injection) or 
administered via the portal vein, to the bile duct, 
intramuscularly, intraperitoneally , or intranasally • 

The vector particles may be administered in combination with 
a pharmaceutically acceptable carrier suitable for administration 
to a patient. The carrier may be a liquid carrier (for example, a 
saline solution), or a solid carrier, such as, for example, 
mirocarrier beads. 

As hereinabove stated, the inventors have found that the 
incorporation of genomic elements into the adenoviral vector 
provides for enhanced expression of the DNA sequence encoding a 
clotting factor. Thus, in accordance with another aspect of the 
present invention, there is provided an adenoviral vector 
including at least one DNA sequence encoding a heterologous 
protein, and at least one genomic element affecting the 
expression of such DNA sequence. The term "genomic element" is 
used as previously defined. Such genomic elements include, but 
are not limited to, introns,* the 5' untranslated region, and the 
3' untranslated region, and portions of said introns and 3' and 
5' untranslated regions. The adenoviral vector may be as 
hereinabove described. 

The DNA sequence encoding a heterologous protein may be a 
DNA sequence which encodes at least one therapeutic agent. The 
term "therapeutic" is used in a generic sense and includes 
treating agents, prophylactic agents, and replacement agents. 
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DNA sequences encoding therapeutic agents which may be 
placed into the adenoviral vector include, but are not limited 
to, DNA encoding Factor VIII and Factor IX as hereinabove 
described; DNA encoding cytokines; DNA sequences encoding tumor 
necrosis factor (TNF) genes, such as TNF-a; genes encoding 
interferons such as Interf eron-a, Interf eron-B, and Interf eron-7; 
genes encoding inter leukins such as IL-1, IL-1J3, and Inter leukins 
2 through 14; genes encoding GM-CSF; genes encoding adenosine 
deaminase, or ADA; genes which encode cellular growth factors, 
such as lymphokines, which are growth factors^for lymphocytes; 
genes encoding soluble CD4; T-cell receptors; the LDL receptor, 
ApoE, ApoC, ApoAI and other genes involved in cholesterol 
transport and metabolism; the alpha-1 antitrypsin (alAT) gene, 
the ornithine transcarbamylase (OTC) gene, the CFTR gene, the 
insulin gene, viral thymidine kinase genes, such as the Herpes 
Simplex Virus thymidine kinase gene, the cytomegalovirus virus 
thymidine kinase gene, and the varicella-zoster virus thymidine 
kinase gene; Fc receptors for antigen-binding domains of 
antibodies, and antisense sequences which inihibit viral 
replication, such as antisense sequences which inhibit 
replication of hepatitis B or hepatitis non-A non-B virus. 

Promoters which control the DNA sequence may be selected 
from those hereinabove described. 

In one embodiment, the genomic element and the DNA sequence 
encoding a heterologous protein are part of the same endogenous 
gene. For example, the adenoviral vector may include DNA 
encoding Factor IX and a Factor IX genomic element(s). In 
another embodiment, the DNA sequence encoding a heterologous 
protein and the genomic element are taken from different 
endogenous genes. For example, the adenoviral vector may include 
DNA encoding Factor VIII and Factor IX genomic elements. 

In yet another embodiment, an adenoviral vector may be 
constructed wherein the adenoviral vector includes DNA encoding a 
heterologous protein and at least one genomic element(s) from the 
same endogenous gene. The DNA encoding a heterologous protein 
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may be modified such that at least one exon is normally present 
in the DNA encoding the heterologous protein is removed and 
replaced with one or more exons present in another gene. 

Although the scope of this aspect of the present invention 
is not to be limited to any theoretical reasoning, Applicants 
believe that, by the inclusion of at least one genomic element in 
an adenoviral vector including at least one DNA sequence encoding 
a heterologous protein, one is able to approximate endogenous 
transcription, RNA processing, and translation of the DNA 
sequence encoding a heterologous protein, thereby providing for 
increased expression of the heterologous protein, 

The invention will now be described with respect to the 
following examples; however, the scope of the present invention 
is not to be limited thereby. 



wo 94/29471 



PCT/US94/04075 



-20- 
Examole 1 

Construction of an Adenoviral Vector Including a Fac tor IX Gene 
A. Construction of PG1H9 

Plasmid pGl (described in PCT application No. W09 1/10728, 
published July 25, 1991) (Figure 3) was constructed from pLNSX, 
Miller, et al . , Biotechniaues . 7:980-990 ( 1989), The 
construction strategy for plasmid pGl is shown in Figure 1. The 
1.6 kb EcoRI fragment, containing the 5' Moloney Sarcoma Virus 
(MoMuSV) LTR, and the 3.0 kb EcoRI/Clal fragment, containing the 
3' LTR, the bacterial origin of replication and the ampicillin 
resistance gene, were isolated separately. A linker containing 
seven unique cloning sites was then used to close the EcoRl/Clal 
fragment on itself, thus generating the plasmid pGO. The plasmid 
pGO was used to generate the vector plasmid pGl by the insertion 
of the 1 . 6 kb EcoRI fragment containing the 5 ' LTR into the 
unique EcoRI site of pGO. Thus, pGl consists of a retroviral 
vector backbone composed of a 5 ' portion derived from MoMuSV, a 
short portion of gag in which the authentic ATG start codon has 
been mutated to TAG (Bender et al., J. Virol . / Vol. 61, pgs . 
1639-1649 (1987)), a 54 base pair multiple cloning site (MCS) 
containing from 5 ' to 3 ' the sites EcoRI, NotI, SnaBI, Sail, 
BamHI, Xhol, Hindi II, Apal, and Clal, and a 3' portion of MoMuLV 
from base pairs 7764 to 7813 numbered as described in (Van 
Beveren et al.. Cold Soring Harbor , Vol. 2, pg. 567, 1985). 
(Figure 2). The MCS was designed to generate a maximum number of 
unique insertion sites, based on a screen of non-cutting 
restriction enzymes of the pGl plasmid, the neo^ gene, the /3- 
galactosidase gene, and hygromycin*^ gene, and the SV40 promoter. 

pGl (Figure 3) was cut with BamHI and Hindlll. pLIXSN 
(Palmer, et al, Blood , Vol. 73, No. 2, pgs. 438-445 (February 
1989)), which contains a Factor IX gene, an SV40 promoter, and a 
neo^gene, was also cut with BamHI and Hindlll. The resulting 
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BamHI-Hindlll fragment, which contains the Factor IX gene, was 
then ligated to the BamHI-Hindlll digested pGl to form pGlH9, 
(Figure 4). The Factor IX gene could also have been obtained 
according to the procedures disclosed in U.S. Patent No. 
4;994,371. 

B. Construction of pGlH9B 

pGlH9B (Figure 6) was constructed so that the 5' portion of 
the human Factor IX cDNA starting at the first ATG is identical 
to the natural 5' human Factor IX sequence. Such is not the case 
for pGlH9 because of an inversion in the DNA sequence. 

pGlH9B was constructed as follows. First, a cDNA clone of 
human Factor IX was generated by PGR amplification of human liver 
cDNA followed by subcloning into the plasmid pBluescript SK- 
(Stratagene, La Jolla, California). The resulting plasmid was 
designated phfacIX (Figure 5). The 5' end of the Factor IX 
sequence in this plasmid was then used to replace the 5' end of 
the Factor IX sequence in G1H9. phfacIX then was cut with BamHI 
and Dral, and the 334 bp fragment corresponding to the 5' end of 
the Factor IX cDNA was isolated. pGlH9 was cut with Dral and 
Clal and the 1253 bp fragment encoding the 3' end of the Factor 
IX cDNA was isolated. The two isolated DNA fragments encoding 
Factor IX cDNA were ligated into the pGlH9 backbone which had 
been cut with BamHI and Clal to generate pGlH9B (Figure 6). 

C. Construction of dAVS6 

The adenoviral construction shuttle plasmid pAvS6 was 
constructed in several steps using standard cloning techniques 
including polymerase chain • reaction based cloning techniques. 
First, the 2913 bp Bglll, Hindlll fragment was removed from Ad- 
dl327 and inserted as a blunt fragment into the Xhol site of 
pBluescript II KS-( Stratagene, La Jolla, CA) (Figure 7). 
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Ad-dl327 is identical to adenovirus 5 except that an Xbal 
fragment including bases 28591 to 30474 (or map units 78.5 to 
84.7) of the Adenovirus 5 genome, and which is located in the E3 
region, has been deleted. The E3 deletion in Ad-dl327 is similar 
to the E3 deletion in Ad-dl324, which is described in Thimmapaya, 
et al., Cell r Vol, 31, pg. 543 (1983). The complete Adenovirus 5 
genome is registered as Genbank accession #M73260, incorporated 
herein by reference, and the virus is available from the American 
Type Culture Collection, Rockville, Maryland, U.S.A. under 
accession number VR-5 . 

Ad-dl327 was constructed by routine methods from Adenovirus 
5 (Ad5). The method is outlined briefly as follows and 
previously described by Jones and Shenk, Cell 13:181-188, (1978). 
AdS DNA is isolated by proteolytic digestion of the virion and 
partially cleaved with Xba 1 restriction endonuclease . The Xba 1 
fragments are then reassembled by ligation as a mixture of 
fragments. This results in some ligated genomes with a sequence 
similar to AdS, except excluding sequences 28591 bp to 30474 bp. 
This DNA is then transfected into suitable cells (e.g. KB cells, 
HeLa cells, 293 cells) and overlaid with soft agar to allow 
plaque formation. Individual plaques are then isolated, 
amplified, and screened for the absence of the 1878 bp E3\egion 
Xba "1 fragment. 

The orientation of this fragment was such that the Bglll 
site was nearest the T7 RNA polymerase site of pBluescrpt II KS' 
and the Hindlll site was nearest the T3 RNA polymerase site of 
pBluescript II KS'. This plasmid was designated pHR. (Figure 
7). 

Second, the ITR, encapsidation signal, Rous Sarcoma Virus 
promoter, the adenoviral tripartite leader (TPL) sequence and 
linking sequences were assembled as a block using PCR 
amplification (Figure 8). The ITR and encapsidation signal 
(sequences 1-392 of Ad-dl327 [identical to sequences from AdS, 
Genbank accession #M73260] incorporated herein by reference) were 
amplified (amplification 1) together from Ad-dl327 using primers 



3NSCOC10- <WO_;429-i7lAJ _r_> 



*W0 94/29471 



PCT/US94/04075 



-23- 

containing NotI or AscI restriction sites. The Rous Sarcoma. 
Virus LTR promoter was amplified (amplification 2) from the 
plasmid pRC/RSV (sequences 209 to 605; Invitrogen, San Diego, CA) 
using primers containing an AscI site and an Sfil site. DNA 
products from amplifications 1 and 2 were joined using the 
"overlap" PGR method (amplification 3) (Horton, et al,, 
BioTechniques . 8:528-535 (1990)) with only the NotI primer and 
the Sfil primer. Complementarity between the AscI containing end 
of each initial DNA amplification product from reactions 1 and 2 
allowed joining of these two pieces during amplification. Next 
the TPL was amplified (amplification 4) (sequences 6049 to 9730 
of Ad-dl327 [identical to similar sequences from Ad5 , Genbank 
accession #M73260]) from cDNA made from mRNA isolated from 293 
cells (ATCC Accession No. CRL 1573) infected for 15 hrs . with Ad- 
dl327 using primers containing Sfil and Xbal sites respectively. 
DNA fragments from amplification reactions 3 and 4 were then 
joined using PGR (amplification 5) with the NotI and Xbal 
primers, thus creating the complete gene block. 

Third, the ITR-encapsidation signal-TPL fragment was then 
purified, cleaved with NotI and Xbal and inserted into the NotI, 
Xbal cleaved pHR plasmid. This plasmid was designated pAyS6A* 
and the orientation was such that the NotI site of the fragment 
was next to the T7 RNA polymerase site (Figure 9). 

Fourth, the SV40 early polyA signal was removed from SV40 
DNA as an Hpal-BamHI fragment, treated with T4 DNA polymerase and 
inserted into the Sail site of the plasmid pAvS6A-( Figure 9) to 
create pAvS6 (Figures 9 and 10). 

D. Construction of AvlH93 

Factor IX cDNA (Figure 11), which contains the entire 
protein coding sequence, 26 base pairs of 5' untranslated DNA 
(assuming translation starts at the third ATG of the message) and 
160 base pairs of 3 ' untranslated DNA, was excised from pGlH9B by 
restriction digestion with Clal, followed by filling in the 5' 
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overhang using Klenow, followed by restriction digestion with 
Smal. The Factor IX cDNA could also have been obtained according 
to the procedures disclosed in U.S. Patent No. 4,994,371. 

The fragment encoding Factor IX was isolated by 
electrophoresis in a 1.0% agarose gel followed by electroelution 
of the DNA. This fragment was subcloned into pAvS6 which had 
been linearized with EcoRV and treated with calf intestinal 
phosphatase. The resulting shuttle plasmid pAvS6H9B (Figure 12), 
contains the 5' inverted terminal repeat of adenovirus type 5 (Ad 
5), the origin of replication of Ad 5, the Ad 5 encapsidation 
signal, the Ela enhancer, the RSV promoter, the tripartite leader 
sequence of Ad 5, Factor IX cDNA, the SV40 early polyadenylation 
signal, and Ad 5 sequences from nucleotide positions 3329-6246. 

The recombinant adenoviral vector AvlK9B was generated as 
depicted in Figure 13. 1.5 x 10** 293 cells were cotransf ected in 
a 60 mm tissue culture dish with 4^g of the large Cla I fragment 
of Ad-dl327 (an E3 deletion mutant of Ad 5) and 5pg of shuttle 
plasmid pAvS6H9B digested with Not I and Kpn I. Transf ections 
were done using BRL's Transf inity calcium phosphate transf ection 
system. Approximately 15 hours after transf ection, medium 
containing DNA/calcium phosphate precipitate was removed f^rom the 
dishes, the cells were gently washed with PBS, then overlaid with 
a 1:1 mixture of 2x MEM (GIBCO's 2x Modified Eagle Medium 
supplemented with 15% F3S) and 2% SeaPlaque agarose. 

Plaques were picked using sterile Pasteur pipettes and 
transferred into 0.1 ml of infection medium (Improved Minimum 
Essential Medium (IMEM), 1% FBS) in an Eppendorf tube. 
Resuspended plaques were subjected to three freeze/thaw cycles, 
then cleared of cell debris by a 15 second centrif ugation at full 
speed in a microfuge. 

Recombinant adenovirus was amplified in 293 cells as 
follows. Approximately 5 x 10-^ 29 3 cells per dish were seeded 
into 30 mm dishes. The next day medium was removed from the 
cells and replaced with 0.2 ml of infection medium and 0.1 ml of 
a resuspended plaque. The plates were incubated with gentle 
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rocking for 90 minutes in a 37 5% CO, incubator. 
Subsequently, 2 ml of complete medium (IMEM, 10% FBS) were added. 
Approximately 40 hours later a cytopathic effect was clearly 
visible; cells were rounded-up and beginning to detach from the 
plate. Cells and medium were transferred to plastic tubes, 
subjected to four freeze/thaw cycles, and centrifuged at 2000 x g 
for 5 minutes. The resulting supernatant is referred to as the 
crude viral lysate (CVLl). 

Viral DNA was isolated from an aliquot of each CVLl, then 
analyzed for the presence of Factor IX cDNA by PCR, as follows. 
A 60 ^1 aliquot of supernatant was transferred into an Eppendorf 
tube and incubated at SO'^C for 5 minutes. The sample was 
centrifuged at full speed for 5 minutes in a microfuge, then 5 ijl 
of the supernatant were used for PCR analysis. PCR analysis was 
done using the Perkin Elmer Cetus GeneAmp kit. Two different 
pairs of primers which amplify different portions of the human 
Factor IX cDNA were used. All samples yielded the expected 
amplified band. 

Example 2 

In vitro and in vivo function of the vector of Example 1 

Recombinant adenovirus vectors containing Factor IX cDNA 
were tested for their ability to express human Factor IX in 293 
cells. Approximately 5 x 10-^ 293 cells were seeded per 60 mm 
dish. The next day, medium was replaced with 0.1 ml of 
recombinant adenovirus and 0.1 ml of infection medium. Plates 
were incubated for 1 hour with gentle rocking at 37°C in 5% COj, 
followed by addition of 4 ml of complete medium. The cells were 
gently washed five times with PBS, then 4 ml of complete medium 
were added. Media samples were collected 24 hours later and 
centrifuged at 1500 x g for 5 minutes. Supernatahts were assayed 
for human Factor IX by ELISA (Asserachrom IX:Ag ELISA kit, 
American Bioproducts ) , and the levels were 445 and 538 ng/ml for 
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the two samples, demonstrating that the recombinant adenoviral 
vectors are able to express human Factor IX. Uninfected 293 
cells ■ yielded background levels of Factor IX. 

One recombinant adenovirus was selected for a large scale 
virus preparation < Approximately 5 x 10^ 293 cells were seeded 
onto a 15 cm tissue culture dish. The next day, the medium was 
replaced with 4 ml of infection medium plus 1 ml of the crude 
viral stock. Then the plates were incubated at 37°C, 5% CO, with 
gentle rocking for 9 0 minutes, followed by addition of 15 ml of 
complete medium. Approximately 40 hours later, when a cytopathic 
effect was clearly visible, cells and medium were transferred to 
a 50 ml plastic tube. Cells were lysed by five freeze/thaw 
cycles and cell debris was removed by centrif ugation at 1500 x g 
for five minutes. This supernatant was termed CVL2 . 

15 ml of CVL2 then was mixed with 35 ml of infection medium 
and 5 ml of this mixture was added to each of ten 15 cm plates of 
nearly confluent 293 cells. The plates were incubated at 37*^0, 
5% CO, with gentle rocking for 1 hour, followed by addition of 15 
ml complete medium to each plate. Twenty-four hours later a 
cytopathic effect was observed; cells were rounded-up, but not 
lysed. Cells and medium were centrif uged at 2000 x g for 10 
minutes. The cell pellet was resuspended in 6 ml of complete 
medium. Cells were lysed by five freeze/thaw cycles, followed by 
centrif ugation in a SW40 rotor at 7000 rpm for 10 minutes at 4*'C. 
Virus in the supernatant was purified on a CsCl step gradient as 
follows. 3.0 ml of 1,25 g/ml CsCl in TD buffer (25 mM Tris, 137 
mM NaCl, 5 mM KCl, 0.7 mM Na3HP04, pH7 . 5 ) was placed in an 
ultraclear Beckman #344060 ultracentrif uge tube. This was 
underlaid with 3.0 ml of 1.40 g/ml CsCl in TD buffer. The CsCl 
layers were overlaid with 4.5 ml of viral supernatant. 
Centrif ugation was done at 35,000 rpm, 22 °C for 1 hour in a SW40 
rotor. Two bands were visible, an upper band that consists of 
empty capsids and a lower band consisting of intact recombinant 
adenovirus . 
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.The lower band was collected with a 3 ml syringe and a 21 
gauge needle, and then rebanded as follows. 9.0 ml of 1.33 g/ml 
CsCl in TD buffer was placed into an ultracentrif uge tube. This 
was overlaid with the virus collected from the first spin. 
Centrif ugation was done at 35,000 rpm, 22 °C for 18 hours. The 
opalescent band was collected as above and glycerol was added to 
a final concentration of 10%. The adenovirus was.dialyzed 
against one liter of 10 mM Tris pH 7.4, 10 mM MgCl,, and 10% 
glycerol at 4°C. Dialysis was done for 4 hours and the buffer 
was changed three times at one hour intervals. The virus was 
recovered and stored at -70°C in aliquots in sterile Eppendorf 
tubes. The titer of this virus preparation was 9.6x10' pfu/ml. 

In the first in vivo experiment, the recombinant adenovirus 
AvlH9B was injected into three C57BL/6 mice by three different 
methods: an intraparenchymal injection into the liver, infusion 
into the portal vein, and infusion into the tail vein. 

The animal which received an intraparenchymal injection was 
anesthetized under Metofane. A longitudinal incision 
approximately 7 mm in length was made just below the xiphoid. 
Pressure was applied to the flanks causing protrusion of the 
median and left lateral lobes. For injection, 0,1 ml of virus 
(IxlO' pfu) was diluted to 1.0 ml with Hanks Balanced Salt 
Solution (HESS). The' virus was injected into 4 different sites 
of the liver: 0.25 ml was injected into each half of the median 
lobe and into the left and right sides of the left lateral lobe. 
Each injection was done over approximately one minute. Upon 
removal of the needle, hemostasis was achieved by placing small 
pieces of gelfoam over the injection site. After 2 minutes, the 
gelfoam was removed, the liver was gently placed into the 
abdominal cavity, and the skin incision was closed with 
autoclips. Animals awakened within several minutes of surgery 
and were ambulatory within one hour. 

The animal which received a portal vein infusion of AdH9B 
was anesthetized under Metofane. A midline longitudinal incision 
was made from the xiphoid to just above the pelvis. The 
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intes.tines were gently externalized to the left side of the 
animal with wet cotton tip applicators. An 0,1 ml aliquot of 
virus (1x10' pfu) was diluted to 1.0 ml with HBSS. The viral 
suspension was infused over 30 seconds into the portal vein using 
a 1 ml syringe and a 27 gauge needle. A 3 x 3 min piece of 
gelfoam was placed over the injection site. The needle then was 
withdrawn. Hemostasis was achieved by applying mild pressure to 
the gelfoam for 5 minutes using a wet cotton tip applicator. The 
gelfoam was left in place. The intestines were gently returned 
to the abdominal cavity. The incision was closed using 
autoclips. The animal awakened within 30 minutes of surgery and 
was ambulatory within 1 hour. 

A tail vein infusion of AvlH9B was performed using 0.1 ml of 
virus (1x10' pfu) diluted to 1.0 ml with HBSS. The viral 
suspension was infused over a ten second period using a 27 gauge 
needle . 

The animals which received an intraparenchymal injection and 
portal vein infusion, as well as a control mouse which received 
no virus, were bled via the retro-orbital plexus on days 2, 6, 
and 9 after virus delivery. The animal which received a tail 
vein infusion was bled 2 days after virus delivery. Plasma 
levels of human Factor IX were determined by ELISA. The results 
are shown in Figure 14. 

At this point, it was important to determine vector levels 
in the livers of the mice. Therefore, the animals which received 
an intraparenchymal injection and a portal vein infusion and the 
negative control mouse were sacrificed on day 9 after infusion 
and the mouse which received a tail vein injection was sacrificed 
on day 2 after infusion. The liver of each mouse was removed and 
extensively minced with a razor blade. One-half of each liver 
was placed into a 15 ml conical tube and 1.0 ml of lysis buffer 
(10 mM Tris, 0.14 M NaCl, pH 8.6) was added. The tissue was 
homogenized using a 1 ml syringe and a 20 gauge needle. Next, 
1.0 ml of 2x PK buffer (200 mM Tris pH 7.5, 25 mM EDTA, 300 mM 
NaCl, 2% (w/v) SDS, and 500 pg/ml proteinase K) was added. The 



3NSCOCI0- <WO 9^29471 a l ,1 .> 



wo 94/29471 



PCT/US94/04075 



-29- 

tube was' inverted several times, then incubated at 31 
overnight. The samples were extracted twice with 
phenol/chloroform (1:1) and once with chlorof orm/isoamyl alcohol 
(24:1). DNA was ethanol precipitated/ washed with 70% ethanol, 
and resuspended in 10 mM Tris, pH 7.5, 1 mM EDTA. 

A Southern analysis was performed to quantitate the levels 
of vector in the liver. Ten micrograms of each DNA sample were 
cut with BamHI. The digested DNA samples were subjected to 
electrophoresis in an 0,8% Seakem agarose gel in 40 mM Tris, 20 
mM NaAcetate, 1 mM EDTA, pH7.5. 

After electrophoresis, the gel was treated with 0.2 N NaOH, 
0.6 M NaCl for 1 hour, then neutralized with 1 M Tris pH 7.4, 0.6 
M NaCl for 30 minutes. The DNA was transferred to a nylon 
membrane by blotting in 10 x SSC. The nylon membrane was baked 
at 80°C for 1 hour in a vacuum oven. It was prehybridized for 3 
hours at 42''C in 5x Denhardt's, 5x SSC, 50 mM NaPhosphate pH 6.5, 
250 ]jg/ml salmon sperm DNA, 0,1% SDS, and 50% formamide. The 
membrane was hybridized for 24 hours at 42 °C in Ix Denhardt's, 5x 
SSC,. 20 mM NaPhosphate pH 6.5, lOOpg/ml salmon sperm DNA, 0.1% 
SDS, 50% formamide, and 33 pci of random primer labeled human 
Factor IX cDNA. Random primer labeling was performed using the 
BRL kit. The membrane was washed in 2x SSC, 0.1% SDS for 20 
minutes at room temperature, followed by a 30 minute wash in 2x 
SSC, 0.1% SDS at 50°C, and then a 30 minute wash in 0 . Ix SSC, 
0.1% SDS at 68 °C. The membrane was exposed to film for 16 hours, 
then developed. A copy of- the autoradiogram is shown in 
Figure 15. All three routes of administration yielded the same 
results. The Factor IX bands were the appropriate size with an 
intensity that indicated an average of 5-10 copies per liver 
cell'. 
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Example 3 

Tn vivo expression of Factor IX in mice injected with AvlH9B 

A second large scale virus preparation of AvlH9B was 
performed using the same protocol described above, except that 28 
15 cm plates of 293 cells were used to amplify the virus. This 
preparation yielded a much thicker opalescent band upon CsCl 
gradient centrif ugation than the first virus preparation. The 
titer of this virus preparation was 1.1x10*^ pfu/ml. 

A second in vivo experiment, designed to follow the time 
course of expression, was initiated using the new AvlH9B 
preparation. Virus was administered to mice as described above, 
except that 0 . 1 ml of a virus suspension (1x10^° pfu) was diluted 
to 1.0 ml with infection medium. Twenty-seven mice received an 
injection of recombinant adenovirus: 20 mice received a tail 
vein injection, 18 with AvlH9B and 2 with AvllacZ4 (encoding B- 
galactosidase) , 4 mice received an intraparenchymal injection of 
the liver, and 3 received an intramuscular injection, A negative 
control mouse was not injected. The animals were bled once a 
week for seven weeks. Plasma levels of human Factor IX are shown 
in Table I. 

As shown in Table I, IP means intraparenchymal injection of 
AvlH9B, TV means a tail vein injection of AvlH9B, IM means an 
intramuscular injection of AvlH93, LacZ means a tail vein 
injection of Avllac24, and NI means no injection (control). 

Table I 
na/ml Factor IX in plasma 



Mouse 


Iniection 


Week 1 


Week 2 


Week 3 


Week 4 


1. 


TV 


375 


475 


281 


171 


2. 


TV 


270 


500 


392 


336 


3. 


TV 


229 


374 






4. 


TV 


240 








5. 


TV 


362 








6. 


TV 


346 
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TV 


8. 


TV 


9 . 


TV 


10 • 


TV 


11 . 


TV 


12 . 


TV 


13 . 


TV 


14. 


TV 


15. 


TV 


16. 


TV 


17. 


TV 


18. 


TV ' 


19. 


IM 


20. 


IM 


21. 


IM 


22. 


IP 


23. 


IP 


24. 


IP 


25, 


IP 


26. 


LacZ 


27. 


LacZ 


28. 


NI 


Mouse 


Iniection 


1. 


TV 


2. 


TV 


3, 


TV 


4, 


TV 


5. 


TV 


6. 


TV 


7 . 


TV 


8, 


TV 


9. 


TV 


10, 


TV 


11, 


TV 
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Table I (continued) 



no/ml 


Factor IX in 


olasma 




303 


422 


252 


142 


260 


573 


394 


220 


353 


376 


273 


149 


321 


357 


270 


246 


431 


482 


233 


203 


347 


332 






135 


244 


126 


61 


261 


294 


187 


148 


212 


269 


132 


91 


207 


255 


214 


176 


278 


218 


151 


149 


170 


308 






0.9 


3.0 


0.0 


0.0 


1.0 


2.7 


0.0 


0.0 


1 . 1 


2. 6 


1.0 


1.2 


364 ' 


316 


174 


131 


211 


308 


134 


66 


305 


252 


155 


206 


527 


406 


133 


94 


0.0 


2.8 


1,5 


■ 0.4 


0.0 


2.6 


2.0 


1.2 


0 . 0 


2.6 


1,5 


0.5 


Week 5 


Week 6 


Week 7 




98 


34 


16 




187 


67 


16 




197 


60 


25 




131 


90 


46 




179 


76 


16 
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12. TV 

13. TV 84 62 17 

14. TV 133 55 26 

15. TV 94 64 33 

16. TV 

17. TV 92 57 23 

18. TV 

19. IM 0.0 2.0 0.0 

20. IM 0.0 2.0 4.1 

21. IM 0,1 2.0 0.0 

22. IP 112 53 48 
23/ IP 42 28 19 

24. IP 299 203 154 

25. IP 57 21 13 

26. LacZ 0.0 1.5 5.0 

27. LacZ 0.0 1.5 4.0 

28. NI 1.4 1.7 0.5 
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* - Example 4 • 

Assay for bioloaical activity of human Factor IX 

The biological activity of human Factor IX in mouse plasma 
was determined by using an immunocapture^ chromogenic assay. A 
96-well microtiter plate was coated with a BGIXl monoclonal 
antibody obtained from Elcatech, Inc., which recognizes, but does 
not inactivate, human Factor IX. Coating was done by adding 
lOOpl of a lO^g/ml suspension of the antibody to each well and 
incubating at room temperature overnight. Plasma samples 
obtained from Mouse 7 in Example 3 two weeks after injection with 
the recombinant adenovirus (100^1 of 1:5 and 1:10 dilutions) were 
added to the wells and human Factor IX was allowed to bind. The 
wells were washed to remove unbound material, and captured human 
Factor IX was activated by adding 100^(1 of a 2;ig/ml suspension of 
Factor XIa (Enzyme Research Labs) and incubating at 37 ''C for 30 
minutes. The wells were washed, and then lOO^rl of a mixture 
containing 5,0]jq phospholipid (Kabi Pharmacia, Franklin, Ohio), 
0.1 unit Factor X (Kabi), 0.5 unit Factor VIII (Elcatech), 3,4pg 
1-2581 thrombin inhibitor (Kabi) and 2.5mM CaCl, were added. The 
plate was incubated at 37 ''C for 30 minutes, during which time 
Factor X was converted to Factor Xa. lOO^il of O.SmM N-N-alpha- 
benzyloxycarbonyl-D- arginyl-L-glycyl-L-arginine-p-nitroanilide- 
dihydro choloride, a chromogenic Factor Xa substrate, then was 
added and the plate was incubated at room temperature for ten 
minutes. The color development was stopped by adding 50pl of 50% 
acetic acid. The absorbance at 405nm was determined using a Bio- 
Rad microplate reader. Standard curves (log-log and linear- 
linear) were generated using normal pooled human plasma, assuming 
Factor IX levels of 5000ng/ml. Biologically active Factor IX was 
determined to be 511ng/ml according to the log-log method, and 
415ng/ml according to the linear-linear method. Such results are 
within experimental error, and indicate that essentially all of 
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the total Factor IX antigen determined in Example 3 (422ng/ml) 
is biologically active. 

Example 5 

Construction of Adenoviral Vector 
Including DNA Encoding a Factor VIII Derivative 

pAVS6H81 was constructed from pMT2IiA (Figure 16) and pAVS6. 
(Figure 10). pMT2LA (Genetics Institute, Cambridge, Mass.) 
includes cDNA encoding a derivative of human Factor VIII in which 
the B domain of Factor VIII is deleted... Such cDNA is further 
described in Toole, et al . , Nature , Vol. 312, pgs . 342-349 
(November 1984), Vehar, et al., Nature , Vol. 312, pgs. 337-342 
(November 1984), and Toole, et al . , PNAS , Vol. 83, pgs. 5939-5942 
(August 1986 ). The cDNA is controlled by a Rous Sarcoma Virus 
promoter. The 4 . 6 kb cDNA (Figure 17) contains no natural 5' 
untranslated DNA, and 216 bp of 3' untranslated DNA. . The B 
domain deletion removes nucleotides 2334-4973 of the coding 
sequence of the full length Factor VIII. The cDNA for B domain 
deleted Factor VIII could also have been obtained according to 
the procedures disclosed in U.S. Patent No. 4,868,112. 

The cDNA was excised from the plasmid pMT2LA by restriction 
digestion with Xhol and Sail. The ends were filled in using 
Klenow, and the fragment encoding the Factor VIII derivative was 
isolated on an 0.8% agarose gel, followed by electroelution . 
This fragment was subcloned into the EcoRV site of pAVS6 (Figure 
10) to generate pAVS6H81. (Figure 18.) 

The recombinant adenoviral vector AvlHSl is generated as 
depicted in Figure 19. 1.5 x 10* 293 cells are cotransf ected in 
a 60 mm tissue culture dish with 4 jjq of the large Clal fragment 
of Ad dl 327 and 5 pg of pAvS6H81 digested with Notl. 
Transf ections are done using BRL's Transfinity calcium phosphate 
transfection system. Approximately 15 hours after transf ection, 
medium containing DNA/calcium phosphate precipitate is removed 
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from the dishes, the cells are gently washed with ?3S, then 
overlaid with a mixture of 2x MEM and 2% Sea Plaque agarose. 

Recombinant adenovirus can be prepared from plaques and 
analyzed by PGR for the presence of human Factor VIII cDNA. 

Example 6 

Generation of Adenoviral Vectors Including 
DNA Encodina Factor VIII Plus Genomic Elements 

A. Construction of pAvALHSl 

The mouse albumin promoter (Zaret, et al - , Proc. Nat. Acad. 
Sci. USA , Vol. 85, pgs • 9076-9080 (1988)), containing 3.5 copies 
of a liver-specific • transcription factor binding site (eG binding 
sites, Liu et. al . , Mol. Cell. Biol. , Vol, 11, pgs. 773-784 
(1991) and Di Persio, et al., Mol . Cell. Biol . , Vol. 11, pgs. 
4405-4414 (1991)) was PCR amplified from pAT2-3eG (Figure 20, 
provided by Kenneth Zaret, Brown University, Providence, Rhode 
Island) using oligo MGM8.293, 

5'-GGC TAG ACG CGT GCT ATG ACC ATG ATT ACG AA-3 ' 

complementary to nts 4281-4299 of pAT2-3eG with the addition of 
an Mlul restriction site, as the 5' oligo, and oligo MGM5.293, 

5'-GGT ACG GAT CCA TCG ATG TCG ACG CCG GAA AGG TGA TCT GTGT- 

3' 

complementary to nts 5231-5212 of pAT2-3eG with the addition of 
BamHI, Clal, and Sail restriction sites, as the 3' oligo. The 
PCR product was cut with Mlul and BamHI and inserted into pAVS6 
(Figure 10) cut with Mlul and BamKI to generate pAVALl (Figure 
21). The- sequence of the 964 bp PCR-generated albumin promoter 
has been verified by. sequencing. In addition, at least 50 bp on 
either side of the Mlul site (nt 428) and BamHI site (nt 1392) in 
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pAVALl ' (Figure 21) have also been verified by sequencing. The 
plasmid pAT-2-3eG is prepared according to the procedures 
disclosed in DiPersio, et al., Mol. Cell. Biol> . 11:4405-4414 
(1991) and Zaret, et al,, Proc. Nat. Acad. Sci. , Vol. 85, pgs . 
9076-9080 (1988), which disclose the preparation of a mouse 
albumin promoter with two copies of a liver-specific 
transcription factor binding site. The plasmid pAT2-3eG has been 
deposited under the Budapest Treaty in the American Type Culture 
Collection, 1230 Parklawn Drive, Rockville, Maryland 20892, and 
assigned accession number 69603. 

The ITR, encapsidation signal (see construction of pAVS6) 
and the albumin promoter were removed from pAVALl by digestion 
with NotI (the ends were filled in with T4 DNA polymerase) and 
Sail, and inserted into pGEM(sac) (Figure 22), cut with Sail and 
Smal to generate pGEMalb (Figure 24) (pGEM(sac) was created by 
cutting pGEM (Figure 23, Promega) with Sad, and blunting the 
ends with T4 DNA polymerase and religation, thereby removing the 
Sad site.) A 1914 bp fragment, containing the 5' region of the 
3-domain deleted factor VIII cDNA was isolated from pMT2LA 
(Figure 16) by digestion with BamHI (filling in the 5' end with 
T4 DNA polymerase) and digestion with Xhol, and inserted into 
pGEMalb digested with Hindlll (filled in with T4 DNA polymerase) 
and Sail, to generate pGEMalbFSB (Figure 25). pGEMalbF8B was cut 
with Mlul and Spel, and the resulting 1556 bp fragment was 
inserted into pAvS6H81 (Figure 18), cut with Mlul and Spel, to 
generate the adenovirus shuttle plasmid, pAvALH81 (Figure 26). 
At least 50 bp on either side of the Mlul site (nt 429) and Spel 
site (nt 1985) have been verified by sequencing of AvlALH81 viral 
DNA (see below). The sequence of the Factor VIII B-domain 
deleted cDNA has been verified by sequencing of bases 1075 to 
5732 from the original plasmid, pMT2LA (Figure 16) obtained from 
Genetics Institute. It should be noted that this sequence 
differs from the sequence reported by Genetics Institute by two 
bases. One base change, nt 1317 of pMT2LA was reported by 
Genetics Institute to be a T (Toole et. al.. Nature . Vol. 312, 
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pgs. 142-347 (1984) and by Wood et. al.. Nature, Vol.. 312, pgs . 
330-337 (1984) to be an A. In addition, nt 5721 of pMT2LA, 
reported by Genetics Institute to be a T, was deleted, thus 
creating a -BamHI site within the Factor VIII 3' untranslated 
region. This mutation does not change the Factor VIII coding 
region, 

B. Construction of dAvAPHSI 

A 1913 bp fragment was isolated from pAVS6H81 (Figure 18) by 
digestion with Bam HI, and inserted into pGEM(sac) (Figure 22) 
cut with Bam HI, to create pGemF8B2 (Figure 27). The ApoAl 
promoter, first exon (untranslated), first intron, and second 
exon to the ATG (Genbank #X0749 6) were PGR amplified using 
pBGS19-AIgI (Figure 28) as the template. pBGS19-AIgI (Figure 28) 
was constructed in two steps: 1) The 13 kb Sail fragment was 
removed from Lambda Al 103 (Swanson, et, al . , Transgenic 
Research , Vol. 1, pgs. 142-147 (1992), and inserted into pUC19 
(Figure 29, Gibco BRL) to generate pUC19-AIgI (Figure 30). 2) 
The 2 kb Smal fragment was isolated from pUC19-AIgI (Figure 30) 
and inserted into pBGS19 (Figure 31) to generate pBGS19-AlgI 
(Figure 28). pBGS19 (ATCC No. 37437). is a kanamycin analog of 
pUC19. PCR-amplif ication of pBGS19-AIgI was performed using 
oligo SSC1.593, 

5'GCT CTA GAA CGC GTC GGT ACC CGG; GAG ACC TGC AAG CC-3 ' 
complementary to bases 5862 to 16 of pBGS19-AIgI, containing an 
Xbal and a Mlul site, as the 5' oligo, and a 3' oligo SSC2.593, 

5 ' -GGA ATT CGA GCT CTAT TTG CAT CCT GAA GGG CCG TGG GGA CCT 
GG-3 ' 

complementary to human factor Viil (Genbank #KO1740, nts 151-165 
(to the Sad site), and nts 463-487 of p3GS19-AIgI complementary 
to the ApoAl gene (Genbank #X07496) with the addition of a Sad 
and an EcoRI site. The PGR fragment was digested with Xbal and 
Sad and the resulting 509 bp fragment was inserted into pGemF8B2 
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(Figure 27) digested with Xbal-SacI, to generate pGemAPFSB 
(Figure 32). pGemAPFSB was then digested with Mlul-Spel, and the 
resulting 1084 bp fragment was ligated into pAVS6H81 (Figure 18) 
cut with Mlul and Spel, to generate the shuttle plasmid, pAvAPHBl 
(Figure 33). The sequence of pAvAPHBl, from nts 290 to 1619, 
which include the PCR-generated ApoAl promoter region, and all 
cloning junctions, has been verified. 

C. Construction of dAvALAPHBI 

A Sail site was added upstream from the ApoAl transcription 
initiati-on site by PGR amplification of pGemAPFSB (Figure 32) 
using a 5' oligo SSC3.593, 

5'-GAA TTC GTC GAC AGA GAG TGC GAG AAG GAG GTG CG-3 ' 
complementary to the ApoAl gene (Genebank #X07496) and nts 252- 
274 of pBGS19-Algl (Figure 28) with the addition of an EcoRI and 
a Sail site, and a 3' oligo, SSC2.593 (see above). The PGR 
fragment was digested with Sall-SacI, and the resulting 250 bp 
fragment was inserted into pGemF8B2 (Figure 27) cut with Sall- 
Sacl, to create pGemAPexFSB (Figure 34). The plasmid, pALAPFSB 
(Figure 35) was generated by a 3-way ligation of the 953 bp Mlul- 
Sall fragment isolated from pGEMalb (Figure 24), the 825 bp Sall- 
Spel 'fragment isolated from pGemAPexFSB (Figure 34), inserted 
into pGemAPF8B (Figure 32) cut with Mlul-Spel. The 1778 bp Mlul- 
Spel fragment was isolated from pALAPF8B (Figure 35) and inserted 
into pAVS6H81 (Figure 18) to generate the shuttle plasmid, 
pAvALAPH81 (Figure 36). 

D. Generation of recombinant adenovirus vectors 

The recombinant adenoviral vector, AvlALH81, was generated 
as outlined. in Figure 37. 2 x 10* 293 cells were cotransf ected 
in a 100 mm tissue culture dish with 10 ^g of the large Clal 
fragment of Ad-dl327, and 10 pg of the undigested shuttle 
plasmid, pAvALHSl (Figure 26). Transf ections were performed 
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using the Transfinity calcium phosphate transfection system from 
BRL. Approximately 12 hrs after DNA addition, the cells were 
washed 2X with IX PBS, then overlaid with a 1:1 mixture of 2X MEM 
(GIBCO'S 2X Modified Eagle Medium supplemented with 15% FBS) and 
2% SeaPlaque agarose. 

Plaques were harvested with sterile Pasteur pipettes and 
transferred into 0,1 ml of infection medium (Improved Minimum 
Essential Medium ([IMEM], 2% FBS) in an Eppendorf tube, and 
subjected to three rounds of freeze/thaw cycles. Cell debris was 
removed by a 15 second centrif ugation at full speed in a 
microf uge . 

Plaques were screened for the presence of recombinant 
adenovirus as follows. Approximately 5 x 10^ 293 cells were 
seeded per well of '6-well tissue culture plates. The following 
day, media was removed from the cells and replaced with 0.4 ml of 
infection medium and 0,05 ml of the resuspended plaque. The 
plates were incubated with rocking, for 90 min. in a 37°C/5% COj 
incubator, after which 2 ml of complete medium (IMEM, 10% FBS) 
were added. When the cytopathic effect (CPE) was complete, cells 
were rounded and becoming detached from the plate (approximately 
40-120 hrs after infection), cells and medium were transferred to 
15 ml conical tubes, and centrif uged at 1000 rpm for 5 min. to 
pellet cells. The medium was removed from the cell pellet, and 
the cells were processed as follows. 

Cells were resuspended in 250 ^1 of PK buffer (5mM Tris pH 
8.0, 5mM EDTA, pH 8.0, and 0.5% SDS) plus 250 ;j1 of Proteinase K 
(Img/ml), and incubated 4 hrs or overnight at 37°C.- The solution 
was transferred to Eppendorf tubes and extracted with an equal 
volume of phenol IX, phenol-CHClj IX, and CHCI3 IX, and ethanol 
precipitated. Pellets were resuspended in 50 ^1 of TE buffer (10 
mM Tris pH 8.0, 1 mM EDTA pH 8.0), and genomic DNA was analyzed 
by restriction digestion. One plaque yielded the expected 
product. 

This plaque of AvlALHBl was plaque purified as follows, 5 x 
10^ 293 cells per well were plated on a 6-well tissue culture 
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plate, , The next day, medium was removed from the cells, and 0.4 
ml of infection medium containing 3 varying amounts of the 
resuspended plaque were added to each well, 25 ^tl, 2.5 pi, and 
0.25 pi. The plate was rocked for 1.5 hrs in a 37°C/5% CO, 
incubator, after which the media was removed, and the wells were 
overlaid with a 1:1 mixture of 2X MEM and 2% SeaPlaque agarose as 
described. Plaques were visible in all wells 9 days after 
infection. Several plaques were picked from the lowest dilution 
well (0.25 jjI of resuspended plaque), and screened for the 
presence of AvlALHSl as described. All plaques yielded the 
expected virus . 

One plaque-purified plaque was selected for large scale 
virus preparation. 5 x 10^ cells were plated in each well of a 6 
well plate and the next day infected with 50 pi of the 
resuspended plaque-purified plaque as described. Five days after 
infection, the CPE was complete, cells and medium were 
transferred to 15 ml conical tubes and subjected to four 
freeze/thaw cycles, then cleared of cell debris by centrif ugation 
at lOC.O rpm for 5 min. The resulting supernatant is referred to 
as crude viral lysate #1 (CVL-1). This CVL was used to infect a 
150 mm plate containing approximately 2 x lO'' 293 cells as 
follows . 

Medium was replaced with 1,25 ml of Infection Medium plus 
100 Jul of CVL, and the plate was rocked for 1.5 hrs as described, 
after which 20 mis of complete medium was added. Approximately 
20 hrs after infection, the CPE was complete, and cells and 
medium were transferred to a 50 ml conical tube, spun for 5 min 
at 1000 rpm, supernatant was removed and saved, and the cell 
pellet was resuspended in 5 ml of supernatant. After four 
freeze/thaw cycles, the CVL was removed of cell debris as 
described. The resulting supernatant is referred to as CVL-2 . 
30-80% confluent 150 mm plates of 293 cells were infected using 
the CVL-2 as follows. 

600 ]j1 of CVL-2 was added to 38 mis of Infection Medium, 
medium was removed from the plates, and replaced with 1.25 ml of 
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the CVL-2-Inf ection Medium mixture. Plates were rocked for 1,5 
hrs as described, after which 20 mis of complete medium was added 
to each plate. The CPE was complete after 30 hrs and cells were 
processed as follows. Cells and media were harvested into 250 ml 
centrifuge bottles and spun at 1500 rpm for 10 min. The cell 
pellet was resuspended in 20 mis of supernatant. Cells were 
lysed by five freeze/thaw cycles, followed by centrif ugation in a 
SW40 rotor at 7000 rpm for 10 min at 4*'C. Virus in the 
supernatant was purified on a CsCl step gradient as follows. 

3.0 ml of 1.25 g/ml CsCl in TD buffer (25 mM Tris, 137 mM 
NaCl, 5mM KCl, 0 . 7 mM Na2H?04 Ph 7.5) was placed in four 
ultraclear Beckmann #344060 ultracentrif uge tubes, 3.0 ml of 1.4 
g/ml CsCl in TD buffer was then underlaid. The CsCl layers were 
overlaid with 5.0 ml of viral supernatant. Centrif ugation was 
performed at 35, 000 rpm, 22°C for 1 hr in a SW40 rotor. Two 
bands were visible, an upper band consisting of empty capsids, 
and a lower band composed of intact recombinant adenovirus. 

The lower band was collected with a 3 ml syringe and a 18 
gauge needle, and then rebanded by placing 8.0 ml of 1.33 g/ml 
CsCl in TD buffer into two ultracentrif uge tubes, and overlaying 
with virus collected from the first spin. Centrif ugation was 
performed at 35,000 rpm, 22°C for 18 hrs. The viral band was 
collected as described and glycerol was added to- a final 
concentration of 10%. The virus was dialyze'd against one liter 
of 10 Mm Tris pH 7.4, 10 Mm MgCl,, and 10% glycerol at 4°C. 
Dialysis lasted for four hours with buffer changes every hour. 
The virus was recovered and stored at -70°C in aliquots in 
sterile Eppendorf tubes. The titer of this virus preparation 
(Lot # MSl-1) was 1.5 x 10*' pfu/ml. A second AvlALHSl viral prep 
was made in a similar manner as described, again using 600 pi of 
CVL-2 and 30-150 mm plates of 80% confluent 293 cells. The titer 
of the second prep (Lot # MSl-2) was 9 x 10*° pfu/ml."- 

At this stage, the viral DNA is checked for deletions or 
rearrangements. Studies utilizing retroviral vectors containing 
Factor VIII cDNA sequences have been shown to delete and/or 
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rearrange portions of the Factor VIII CDNA at high frequencies 
(Lynch et. al., 1993), and similar rearrangements may be seen 
with Factor Vlll-containing adenoviral vectors. Therefore, viral 
-DNA was isolated from both lots (MSl-1, and MSl-2) of AvALKSl as 
follows. 100 ^1 of purified virus was added to 100 ;il of TE, 5 
;j1 of 10% SDS, and 20 ^1 of 10 mg/ml Proteinase K (Sigma), and 
digested overnight at SV^'C, The viral DNA was extracted with an 
equal volume of phenol IX, phenol-CHClj IX, and CHCI3 IX, then the 
supernatant was put over a Centricon 10 concentrator (Amicon) and 
the volume was increased to 2 mis with TE, and spun at 5000 rpm 
for one hour. The centricon was then washed with 2 mis of TE, 
and spun for 30 min at 5000 rpm. DNA was recovered by inverting 
the upper chamber of the centricon, inserting into the collection 
tube, and centrif ugation at 3000 rpm for 5 min. Final volume of 
the purified DNA was increased to 100 pi, and the DNA 
concentration was calculated. 10 pg of MSl-1, MSl-2, and dl327 
DNA was digested overnight with BamHI, Hindi II, or, Ndel, and run 
on a 0.8% agarose gel. DNA fragments were visualized with 
ethidium bromide staining (Figure 38). Both AvlALHSl lots look 
the same, and all restriction fragments are of the predicted 
sizes. Therefore, unlike the Factor Vlll-containing retroviral 
vectors (Lynch et. al., 1993), the genome of AvlALHSl is stable. 

The recombinant adenoviral vector AvlALAPH81 was generated 
as outlined in Figure 39. 2 x 10* 293 cells were cotransf acted 
in a 100 mm tissue culture dish with 10 pg of the undigested 
shuttle plasmid, pAvALAPHSl (Figure 36). Generation of 
adenoviral vector AvlALAPH81 then was carried out in the same 
manner as the generation of adenoviral vector AvlALHSl. AvlAPHSl 
can be generated in the same manner. 

Example 7 

In Vivo Expression of Adenoviral Vectors Including 
DNA Encoding Factor VIII Plus Genomic Elements 
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A. Factor VIII Tri-Sandwich ELISA 

Before AvlALHSl could be tested for Factor VIII expression 
in vivo, in mice, or in vitro, in tissue culture cells, it was 
necessary to develop an assay capable of measuring low levels of 
human Factor VIII present in mouse plasma. The only commercially 
available Factor VIII assay, Coatest (Kabi Pharmaceuticals) 
measures the biological activity of Factor VIII protein, and can 
be used to measure Factor VIII levels in tissue culture cells. 
However, Coatest cannot distinguish human Factor VIII from animal 
Factor VIII and, therefore, is not useful for measuring human 
Factor VIII in animal plasma. To measure the amount of human 
Factor VIII present in tissue culture medium or animal plasma 
samples, a quantitative Factor VIII tri-sandwich ELISA was 
developed. This ELISA can measure human Factor VIII specifically 
in mouse and dog plasma, and can measure reproducibly Factor VIII 
concentrations down to 1.0 ng/ml . The assay is ' performed as 
follows , 

A 96 well microtiter plate is coated with two commercially 
available monoclonal antibodies with unique epitopes for Factor 
VIII protein and incubated overnight at 4°C to allow adherence to 
the plastic wells. 0.5 ug of each antibody (N7, Biodesign; and 
ESH2, American Diagnostica) were diluted in dilution buffer (1.59 
g NasCOi, 2,93 g NaHCOj, sterile H,0 to one liter, pH 9 . 6 ) , and 100 
]j1 of the dilution was added to each well. These antibodies 
constitute the primary antibody. The use of two capture 
antibodies, that act cooperatively to increase the sensitivity of 
the assay, has not been described previously. After the 
overnight incubation, the plate is washed gently 3X with 200 ;il 
per well of IX PBS and blotted dry. Blocking agent [IX PBS, 10% 
Horse Serum (heat inactivated, BioWhittaker ) , and 1 mm CaClj] is 
added, and incubated for two hours at room temperature, after 
which the plate is washed with 200 ^1 per well of washing 
solution [IX PBS, 0.05% Tween 20 (Sigma)] 3X and blotted dry. 
Samples then are diluted appropriately (usually a 5-fold 
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dilution) in TNTC (50 mm Tris pH 7.2; 5 mm CaCl2, 0,1% Tween 20, 
0.5 M.NaCl), aliquoted into each well, and incubated for one hour 
at after which the wells are washed with the washing 

solution as described. The secondary antibody, which is diluted 
serum from a hemophiliac (a 1:1000 dilution in the blocking agent 
solution, 100 ^1 per well) containing Factor VIII inhibitor 
antibodies, is added and allowed to bind for one hour at 37°C, 
after which the wells are washed with the washing solution as 
described. The third antibody, a commercially available goat 
anti-human IgG antibody conjugated to horseradish peroxidase 
(goat anti-human IgG-HRP, Pierce, 0.8 mg/ml, diluted 1:5000 in 
blocking agent, 100 ^1 per well), is added, and incubated for one 
hour at 37°C. The. excess antibody then is washed out of the 
wells (as described, but 5X) and the substrate 

tetramethylbenzidine (TMB) (Kirkegaard and Perry Labs; 100 ^1 of 
the commercially available solution), which when cleaved by the 
HRP, yields a blue color, is added to each well. The level of 
color that develops is proportional to the amount of Factor VIII 
present in the sample. The reaction is stopped, after 2-3 
minutes with an acid stop solution (TMB stop solution, Kirkegaard 
and Perry Labs, 100 pi per well) and the absorbance is determined 
using a microtiter plate reader. An example of a typical 
standard curve, using full-length human Factor VIII protein 
concentrations ranging from 0,07 8 ng/ml to 40.00 ng/ml is 
displayed in Figure 40. 

B. Half-Life Study of B-Domain Deleted Factor VIII in Mouse 
Plasma 

After development of this extremely sensitive Factor VIII 
ELISA, a half-life study of B-domain deleted (BDD) Factor VIII in 
mouse plasma was undertaken. It had been reported (Hoeben et. 
al., 1993) that the half-life of human Factor VIII in mice was 
only one hour, compared to the 10 to 12 hour half-life of full- 
length human Factor VIII in humans and dogs (Brinkhous, et al,. 
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PNAS . Vol. 82, pgs. 8752-8756 (1985)). The determination of the 
half-life of BDD human Factor VIII in mice was important for the 
subsequent evaluation of the efficacy of AvlALH81 for gene 
therapy protocols utilizing the mouse as an in vivo model. 

The half -life study was performed twice. ■ In the first 
experiment (Figure 41) five C57bl/6 female mice were injected via 
tail vein with 400 ng of BDD Factor VIII protein. Blood was 
drawn at 0.5, 1.5, 2.5. and 6.5 hours post injection. In the 
second experiment (Figure 42), designed to focus on the 2 to 14 
hour post injection time range, four C57bl/6 female mice were 
injected via tail vein, with 500 ng of BDD Factor VIII. Blood 
was drawn at 2, 5, 8, 12, and 14 hours post injection and plasma 
analyzed for the presence of human Factor VIII antigen. The 
results are displayed in Figures 41 and 42. The half-life of 
human Factor VIII in mice was calculated to be 4-5 hours. This 
result contrasts with the half -life calculated by Hoeben et . al . 
( 1993), However, in the study by Hoeben et . al . ( 1993), the 
half-life of Factor VIII in mice was analyzed over only a 2 hour 
time period. In the study reported here, it was found that there 
was a sharp decrease (half-life 1.7 hours) in the level of Factor 
VIII antigen in mouse plasma between 30 minutes and 2 hours post 
injection (Figure 41), with the decay leveling off to a half-life 
of 4-5 hours at subsequent time points (Figures 41 and 42). 
Therefore, the results indicate that the half-life of human BDD 
Factor VIII in mice is approximately 2-3 times shorter, than the 
human Factor VI 1 1 half -life in humans and dogs. 

C. Production of Biologically Active Factor VIII In Vitro 

To determine if AvlALHBl transduction resulted in the 
production of biologically active Factor VIII in vitro., 293 cells 
were infected with CVL-I, generated from two separate plaques. of 
plaque-purified AvlALHSi as follows. The medium was removed from 
3-150 mm plates of 293 cells containing 1.5 x lO'' cells, and 
replaced with 1.15 mis of Infection Medium, plus. 100 ;j1 of CVL-1 
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from either AvlALHSl plaque (plaque 1 or plaque 2), or, for the 
negative control plate, 1,25 mis of Infection Medium- Plates 
were rocked for 1.5 hrs. as described, after which 20 mis of 
complete medium was added to each plate, 1.0 ml of medium was 
collected from each plate at 0, 12, and 24 hr. time points, and 
analyzed for the presence of Factor VIII antigen, using the human 
Factor Vlll-specif ic ELISA, described above, and analyzed for 
biological activity, using the Coatest Assay (Kabi 
Pharmaceuticals). The results are displayed in Table II below. 

Table II 

Expression of Factor VIII in AvlALH81 
Transduced 293 Cells 

Assay 

ELISA i no/ml ) Coatest (na/mlT 
Virus Time (hrs) total antigen biological activity 

AvlALHSl 0 0.0 0.0 

plaque 1 12 9.8 6.9 

24 10,2 1.0 

AvlALHSl 0 0.0 0.0 

plague 2 12 22.1 7.6 ^ 

24 24 .3 0.0 

No virus 0 0.0 0.0 

12 0.0 0.0 

24 0.0 0.0 

* converted from units in which one unit of activity equals 
200ng/ml of Factor VIII. 

As shown in Table II, the cells produced 10-20 ng/ml of 
Factor VIII total antigen as determined by ELISA, and at 12 hrs., 
7 ng/ml of Factor VIII was biologically active. However, by 24 
hours, the biological activity was lost. The lower level of 
biologically active Factor VIII at 12 hours and the lack of 
active Factor VIII at 24 hours can be explained by the fact that 
the cells were undergoing a cytopathic effect that started at 12 
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hours and was complete by 24 hours. Therefore, de .nov^o- synthesis 
of Factor VIII had probably begun to decrease at 12 hours and the 
Factor VIII- present in the medium was becoming degraded by 24 
hours . . 
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D. In Vivo Expression of BDD Factor VIII From AvlALHSl 



To determine if human BDD Factor VIII was expressed from 
AvlALHSl in vivo, and if so, to follow the time course of Factor 
VIII expression, 15 C57bl/6 female mice were injected with 
AvlALHSl. The virus was diluted in injection medium ( IMEM + 1% 
FBS) to a total volume of 0.5 ml. Five mice received a dose of 1 
X 10'° pfu (67 ]j1 of virus; concentration of 1 . 5 x 10** pfu/ml), 
five mice received a dose of 4 x 10' pfu (27 ;il virus) and five 
mice received 1 x lO' pfu (7 pi virus). The viral suspension was 
infused via tail vein over a ten second period using a 0.5 ml 
syringe and a 27 gauge needle. The control mouse received no 
injection. One mouse that received 1 x 10**^ pfu of AvlALHSl died 
two days after injection. Blood was taken from each mouse at one 
week intervals and analyzed for the presence of human Factor VIII 
antigen by ELISA. The results of the analysis, for the first 
five weeks post injection, is displayed in Table III below, and 
graphically in Figure 43. 
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Table III 



Mouse 


Virus 


In Vivo ExDression of 


Factor 


VIII 




Dose 


ELISA f Factor VIII na/mlV 






Week 1 


Week 2 


Week 3 


Week 4 


weeK 3 


1 


IXi. U 


53.3 


19 . 3 


0 . 0 


4 . 3 


n n 
u • u 


z 


1X1 u 


45.9 


54.6 


0 . 0 


34 . 3 


n n 
u • u 




XX-L U 


34.5 


35.3 


3 . 0 


2.6 


n n 

U • U 




1X1 u 


33.1 


31.1 


10.9 


7.7 


1 p 

1 • 0 


Mean 




41' 7 


35.1 


3.5 


12.2 




5 


4X10 


18.9 


7.3 


0.0 


14.9 


1 . 1 


6 


4x10 


13.0 


6.2 


5.1 


7.9 


o . 1 


7 


4x10' 


9.8 


5.2 


3.1 


12.4 


5 . 1 


8 


4x10* 


25.9 


13.1 


3.4 


18.4 


12 . 9 


9 


4x10' 


17.1 


5.9 


0.5 


9.7 


6 . 0 


Mean . 




16.9 


7.5 


2.3 


12.6 


5 . 6 


10 


IxlO' 


0.8 


0.0 


0.0 


3.6 


0.8 


11 


1x10' 


0.4 


0.0 


0.5 


5.1 


0.3 


12 


1.10' 


1.1 


1.6 


2.2 


4.2 


2.5 


13 


1x10' 


1.0 


1.7 


0.0 


1.7 


-.1.3 


14 


1x10' 


1.4 


0.9 


0.0 


1.9 


0.0 


Mean 




0.9 


0.9 


0.5 


3.3 


1.0 


Control 


0 


0.0 


0.0 


0.0 


0.0 


0.0 



The mice receiving the highest viral dose (1 x 10^° pfu) were 
producing 42 and 35 ng/ml human BDD Factor VIII one and two weeks 
post injection, respectively. If these values are corrected for 
the difference in half-life of human Factor VIII in mice (4-5 
hrs,, see above) compared to humans (10-12 hrs . ) / levels in the 
plasma are adjusted to 126 and 96 ng/ml of Factor VIII at one and 
two weeks, respectively. Physiological levels of Factor VIII in 
humans is -100-200 ng/ml and therapeutic levels are -10 ng/ml. 
Therefore, these mice are producing physiological levels of 
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Factor-VIII. In addition, the mice that received the lower dose 
of 4 X lO'^ pfu of AvlALHSl are producing Factor VIII protein well 
over therapeutic levels. The expression of human Factor VIII, in 
an animal model, has never before been demonstrated. 

Three to five weeks post injection, however, the Factor VIII 
levels had decreased significantly. To determine if this 
decrease in Factor VIII expression at three weeks was due to an 
immunological response to the Factor VIII antigen, a second half- 
life study was performed using full-length human Factor VIII 
protein. The four mice that had received the highest viral dose 
(1 X 10*" pfu), and four control mice were injected, via tail 
vein, with 500 ng of full-length human Factor VIII. Blood was 
drawn at 1, 2, 4, 8, and 12 hours post injection and analyzed for 
the presence of human Factor VIII antigen by ELISA. Figures 44 
and 45 display the results of this analysis. The half-life of 
full-length Factor Vlll is similar in both sets of mice, and can 
be calculated to be about 3.0 hrs . Two conclusions can be drawn 
from these data: 1) The half-life of full-length Factor VIII 
and BDD Factor VIII in mouse plasma are comparable, 3 hrs. and 4- 
5 hrs., respectively, and 2) the loss in Factor VIII expression 
in- the mice at 3 weeks is not due to rapid clearance of the 
Factor VIII by specific antibodies in mouse plasma, and, 
therefore, may be due to the loss of vector from the liver (or 
loss of the cells containing the vector), or reduced 
transcription of the Factor VIII cDNA. 

The time course of Factor VIII expression in mice was 
repeated, and the data are shown in Figure 46. 

Example 8 

Fifteen C57bl/6 female mice were injected via tail vein 
4x10' pfu (27 }j1 of virus) of AvlALHSl in injection medium ( IMEM+ 
1% FBS), The viral suspension was infused via the tail vein over 
a ten second period using a 0.5 ml syringe and a 27 gauge needle. 
A control mouse received no injection. Blood was taken from each 



wo 94/29471 



PCTAJS94/04075 



•51- 

mouse at one week intervals and analyzed for the presence of 
huinan Factor VIII antigen by ELISA. The results are shown 
graphically in Figure 46. 

Example 9 

Construction of Adenoviral Vectors Including Factor IX Sequences 

with Genomic Elements 

Vectors were prepared in which the Factor IX sequences 
incorporated genomic elements, i.e., sequences from the human 
Factor IX gene. These elements included the 5' untranslated 
region, a centrally truncated first intron, the full 3' 
untranslated region' and naturally-occurring polyadenylation site. 
The 5' genomic elements were obtained by PCR amplication using 
genomic Factor IX clones as templates. The three prime 
untranslated region was obtained from a plasmid provided by Dr. 
Hsueh (Shanghai, China), An alternative approach, which can be 
used to readily obtain these elements, is to PCR amplify them 
from human genomic DNA. 

A Factor IX sequence, which includes 9 bp of the Factor IX 
promoter, the 5' untranslated region, the coding region, and a 
162 bp segment of the 3' untranslated region, was excised from 
pKG5IX-2 (obtained from George Brownlee, University of Oxford, 
Oxford England) as a Bam HI to Hindlll fragment. This fragment 
is described further in Anson, et al.. Nature, Vol. 315, pgs. 
683-685 (1985). This insert was inserted into the polylinker of 
pBluescript II SK+ (Stratagene) to form BLSKH9CI. (Figure 47). 
The Factor IX sequences were sequenced completely and verified to 
be correct. Factor IX DNA with genomic elements could also have 
been obtained according to the procedures disclosed in U.S. 
Patent No. 4,994,371 and European Patent SP 0 107 278 Bl, 

A fragment containing the downstream part of the coding 
sequence, the full 3' untranslated region, the native Factor IX 
polyadenylation signal, and 331 bp past the polyadenylation site 
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was excised from pCMVIXa (provided by Jerry Hsueh, Fudan 
University, Shanghai, China) with PpuMI and Bglll. The Bglll 
single strand overhang was blunted. pBLSKK9CI was cut with PpuMI 
and Hindi! I, the Hindi I I site was blunted, and the backbone 
fragment was joined to the fragment obtained from pCMVIXa as a 
PpuMI-blunt ligation. The resulting plasmid, pBLSKH9D (Figure 
48), contains the 9 bp of promoter, 5' untranslated region, the 
entire Factor IX coding sequence, the full 3' untranslated 
region, natural polyadenylation signal, and 331 bp downstream 
from the polyadenylation signal. 

To generate constructs that contain a centrally truncated 
first intron, a cloning intermediate was. prepared. This 
intermediate removed a Bell site downstream from the coding 
sequence to enable' cloning into an upstream Bell site. The 3' 
end of the cDNA in pBlSKH9CI was removed from Ppu MI to Hindlll. 
The single strand overhangs in the plasmid backbone were blunted 
and ligated to yield pBLH9CINT. (Figure 49) 

The 5 ' end of the cDNA in pBLH9CINT was modified to contain 
the centrally truncated first intron with a 3 way ligation using 
2 PCR generated fragments. These fragments were generated using 
phage preps as templates (Yoshitake, S, et al., 1985, 
Biochemistry : 24, 3736-3750). The two PCR generated fragments 
contained (5' to 3'): 

1) Spel site, Sail site, full 5' untranslated region, 
first exon of the Factor IX gene, the first 991 bp of 
the Factor IX first intron, and an Aatll site. 

2) Aatll site, the last 448 bp of the Factor IX first 
intron, and part of the Factor IX second exon extending 
past the naturally occurring Bell site in the upstream 
part of this exon. 

PCR fragment 1 was digested with Spel and Aatll. PCR 
fragment 2 was digested with Aatll and Bell. BLH9CINT was 
digested with Spel and Bell and the backbone fragment was 
isolated. The three fragments were joined with a 3 way ligation 
to yield the plasmid pBLH9EINT. (Figure 50) This plasmid 
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contains the 5' untranslated region of Factor IX, the first exon, 
the centrally truncated first intron, and the coding sequence up 
to the PpuMI site. 

To generate pBLH9E (Figure 51), the 3' end of the coding 
sequence was re-inserted. The 3' end of the Factor IX sequence 
was excised from pBLSKH9CI and inserted into the pBLH9EINT 
backbone as an Aval-Aval fragment. The resulting plasmid pBLH9E 
(Figure 51) contained the Factor IX 5' untranslated region, first 
exon, centrally truncated first intron, remainder of the coding 
sequence, and 162 bp of 3' untranslated region. 

To generate pBLH9F (Figure 52), a fragment containing the 3' 
end of the coding sequence and the full 3' untranslated region 
was excised from pBLSKH9D and inserted into the pBLH9EINT 
backbone as an Aval-Aval fragment. Thus pBLH9F has the 5' 
untranslated region, first exon, truncated first intron, 
remainder of the coding sequence, full 3' untranslated region, 
and 300 bp downstream from the polyadenylation site. 

The Factor IX sequences were then excised from pBLSKH9D, 
pBLH9E, and pBLH9F and inserted into the pAvS6 backbone as Spel- 
Clal fragments. The resulting plasmids were termed pAVlH9D 
(Figure 53), pAVlH9E, and pAVlH9F, respectively. However, when 
pAvlH9E and pAvlH9F were sequenced, errors were found in the 5' 
untranslated region of the Factor IX gene. These errors were 
repaired. The sequence errors were traced back to pBLH9EINT. 
Miniprep one this plasmid had been used to generate the 
subsequent plasmids. pBLH9EINT miniprep six was found to have 
the correct sequence. The Spel to Aatll fragment in pBLH9EINT 
miniprep six was used to replace the corresponding fragment in 
pAvlH9E and pAvlK9F to yield pAvlH9ER (Figure 54) and pAvlH9FR 
(Figure 55), respectively. These plasmids contain the adenovirus 
type 5 ITR, RSV promoter, tripartite leader. Factor IX sequence, 
SV40 polyadenylation site (which is superfluous in pAVlH9D and 
pAVlH9FR), and adenovirus homologous recombination region. 

pAVlH9D, pAVlH9ER, and pAVlH9FR were then used to generate 
adenoviral vectors by procedures hereinabove described. Briefly, 
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linearized piasmids were co-transf ected with the large Clal-cut 

fragment of Ad dl327 into 293 cells- Plagues were selected, 

expanded, and screened. The three vector isolates chosen were 

termed AdlH9D, AdlH9ER, AdlH9FR. These were grown into large 
scale preps and plaque titered on 293 cells. 

Example 10 



2 X 10* pfu of AV1H9B, AdlH9D; AdlH9ER, or AdlH9FR were 
injected via tail vein into C57B1/6 mice. Two mice received each 
virus. One week later, plasma was sampled by ELISA and an 
immunochromogenic bioassay described above for human Factor IX 
antigen and biological activity, respectively. The ELISA 
results, shown in Figure 56, demonstrate that the inclusion of 
genomic elements dramatically increased Factor IX expression. 
The AdlH9FR vector effected the most expression which was more 
than 200 fold greater than the level obtained with AvlH9B. The 
immunochromogenic assay results for eight experimental mice and 
one negative control mouse (which was injected with the beta- 
galactosidase vector, AvlLacZ4) are shown in Table IV below. 
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Vector Mouse Plasma Factor IX (no /ml) 

Number 

ELISA Immunochromoaenic 
AV1H9B 1 <8 <8 

AV1H9B 2 <8 <8 

AdlH9D 3 74 65 

AdlH9D 4 48 49 

AdlH9ER 5 116 102 

AdlH9ER 6 101 80 

AdlHOFR 7 1,339 1,051 

AdlH9FR 8 1,467 1,391 

AvlLacZ4 • 9 <8 <8 

These results demonstrate that the human Factor IX expressed 
from AdlH9D, AdlH9ER, and AdlH9FR was functional- Livers were 
collected one week after vector injection and DNA and RNA were 
prepared. Southern analysis demonstrated an average of 1-2 
vector copies per liver cell for all four vectors. (Data not 
shown.) Northern analysis revealed RNA species of the correct 
size for each vector with band intensities that parallelled the 
Factor IX plasma levels. (Data not shown.) 



Example 11 



1 X 10' pfu of AV1H9B, AdlH9D, or AdlH9ER were injected via 
tail vein into C57B1/6 mice. 5 x 10^ pfu of AdlH9ER and AdlH9FR 
were also administered to C57B1/6 mice via tail vein injection. 
The cohort size for each regimen was 5 mice. At the indicated 
time points plasma was obtained and assayed for human Factor IX 
by ELISA. The results, shown in Figures 57 and 58, again 
demonstrate that the inclusion of genomic elements in the Factor 
IX sequences dramatically increased Factor IX expression. Factor 
IX levels that approach normal were obtained with the low dose of 
1 X 10' pfu of AdlH9D and AdlH9ER. Injection of a very low dose 
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of 5 x.lO^ pfu of AdlH9FR resulted in the expression of 
potentially therapeutic levels of human Factor IX in the mice. 
In each case, high-level expression from AdlH9D, AdlH9ER, and 
AdlH9FR persisted for the 10-12 week duration of the experiment. 
This exceeded the 7 week duration of expression which had 
previously been achieved with higher doses of AvlH9B. 

Example 12 

Expression from AvlH9B, AdlH9D, and AdlH9ER was tested in 
tissue culture. HepG2 and HeLa cells were transduced at an moi 
of 2 (2 pfu per cell). 48 hours later the medium was collected 
and- assayed by ELISA for human Factor IX. The data, shown in 
Figure 59, demonstrate that the incremental improvements seen in 
HepG2 cells with AdlH9D and AdlH9ER correspond to those seen in 
vivo in mice that received 2 x 10* pfu of virus. In HeLa cells, 
the inclusion of the 3' untranslated region (AdlH9D) had no 
effect/ whereas inclusion of the intron (AdlH9ER) improved 
expression dramatically . 

All patents, publications, and database entries referenced 
in this specification are indicative of the level of skill of 
persons in the art to which the invention pertains. The 
disclosures of all such patents, publications (including 
published patent applications), and database entries are 
specifically incorporated herein by reference in their entirety 
to the same extent as if each such individual patent, 
publication, and database entry was specifically and individually 
indicated to be incorporated by reference. 

It is to be understood, however, that the scope of the 
present invention is not to be limited to the specific 
embodiments described above. The invention may be practiced 
other than as particularly described and still be within the 
scope of the accompanying claims. 
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WHAT IS CLAIMED IS: 

1. An adenoviral vector including at least one DNA sequence 
encoding a clotting factor. 

2. The vector of Claim 1 wherein said DNA sequence encodes 
Factor VIII or a fragment, derivative, or analogue thereof having 
Factor VIII clotting activity. 

3. The vector of Claim 1 wherein said DNA sequence encodes 
Factor IX or a fragment, derivative, or analogue thereof having 
Factor IX clotting activity. 

4. A plasmid vector for generating an adenoviral vector, said 
plasmid vector including at least one DNA sequence encoding a 
clotting factor. 

5. A method of treating hemophilia in a host, comprising: 

administering to said host the adenoviral vector of 
Claim 1, said vector being administered in an amount effective to 
treat hemophilia in said host. 

6. The vector of Claim 2 wherein said vector further includes a 
tissue-specific promoter. 

7. The vector of Claim 6 wherein said tissue-specific promoter 
is the mouse albumin promoter. 

8. The vector of Claim 3 wherein said vector further includes a 
promoter which is not a tissue-specific promoter. 

9. The vector of Claim 8 wherein said promoter which is not a 
tissue-specific promoter is a Rous Sarcoma Virus promoter. 

10. The vector of Claim 3 wherein said vector further includes 
at least one genomic element. 

11. The vector of Claim 10 wherein said genomic element is the 
full 3' untranslated region of the Factor IX DNA sequence. 

12. The vector of Claim 11 wherein said vector further includes 
the full 5' untranslated region of the Factor IX DNA sequence. 

13. The vector of Claim 10 wherein said vector includes the full 
3' untranslated region of the Factor IX DNA sequence, the full 5' 
untranslated region of the Factor IX DNA sequence, and a 
centrally truncated first intron of the Factor IX gene. 
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14. The vector of Claim 10 wherein said vector further includes 
the full seventh intron of the Factor IX gene. 

15. The vector of Claim 2 wherein said vector further includes 
at least one genomic element. 

16. The vector of Claim 15 wherein said vector includes the 
ApoAl promoter . 

17. The vector of Claim 16 wherein said vector further includes 
the first intron of the apolipoprotein A-1 gene. 

18. The vector of Claim 16 wherein said vector further includes 
the first exon of the apolipoprotein A-1 gene. 

19. The vector of Claim 16 wherein said vector further includes 
the first intron of the apolipoprotein A-1 gene and the first 
exon of the apolipoprotein A-1 gene. 

20. An adenoviral vector including at least one DNA sequence 
encoding a heterologous protein, and at least one genomic element 
affecting expression of said at least one DNA sequence encoding a 
heterologous protein. 
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